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PREFACE  TO  FIFTH  EDITION 


The  book  has  been  thoroughly  revised  and  in  pact  rewritten.  Five 
additional  chapters  have  been  inserted,  in  order  to  increase  the  useful- 
ness of  the  volume  and  to  keep  thoroughly  abreast  with  recent  develop- 
ments in  Physiological  Chemistry.  The  new  Chapters  are,  Chapter  VI 
on  Nucleic  Add&and  Nucleoproteins,  Chapter  VIII  on  Gastric  Analysis, 
Chapter  XI  on  Intestinal  Digestion,  Chapter  XVI  on  Blood  Analysis 
and  Chapter  XXVII  on  Metabolism. 

The  Chapter  on  Metabolism  consists  in  large  part  of  directions 
for  typical  metaboUsm  tests  wtich  may  be  conducted  by  the  student  in 
order  to  demonstrate  important  principles  of  metabolism. 

The  Chapter  on  Blood  Analysis  includes  the  most  recent  methods 
which  have  played  such  an  important  part  in  adding  to  our  knowledge 
regarding  the  composition  of  the  blood  under  normal  and  pathological 
concUtions. 

The  Chapter  on  Gastric  Analysis  includes  a  general  discussion  of 
titratable  acidity  and  hydrogen-ion  concentration  as  well  as  an  expo- 
sition of  the  Fractional  Method  of  Gastric  Analysis  which  was  elabo- 
rated in  the  author's  laboratory  by  Dr.  Martin  E.  Rehfuss,  and  which 
has  been  very  widely  adopted. 

The  Chapter  on  Nucleic  Adds  and  Nucleoproteins  is  a  brief  dis- 
cussion of  basic  facts  accompanied  by  experiments  suitable  for  student 
use. 

In  order  to  facilitate  the  selection  of  tests  and  methods  for  courses 
in  which  but  little  time  is  devoted  to  the  subject,  the  actual  laboratory 
procedure  involved  in  such  tests  and  methods  as  the  author  considers 
most  important  has  been  printed  in  black  face  type  to  differentiate 
such  tests  and  methods  from  those  which  he  considers  of  less  impor- 
tance, which  are  set  in  small  type.  In  certain  instances,  however,  tests 
and  methods  which  the  author  believes  to  be  of  first  importance,  but 
which  are  not  so  readily  adapted  to  student  use,  have  been  printed  in 
small  type. 

The  latest  and  best  methods  of  quantitative  analysis  have  been 
introduced  throughout  the  volume.  The  nephelometer  has  been  dis- 
cussed and  certain  nephelometric  methods  described. 

Certain  tests  and  methods  which  had  obviously  outlived  their 
usefulness  have  been  omitted  from  this  edition.     Others  which  th' 
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author  believes  might  well  have  been  omitted  have  been  retained  in 
small  type.  The  author  believes  that  it  is  preferable  that  each  indi- 
vidual instructor  shall  use  his  own  judgment  as  to  which  tests  and 
methods  he  will  omit  from  his  course.  For  this  reason,  in  connection 
with  certain  quantitative  procedures  more  than  a  single  approved 
method  has  been  given. 

Thirty-five  new  illustrations  have  been  incorporated. 

The  author  takes  pleasure  in  acknowledging  the  important  part 
played  by  Dr.  Olaf  Bergeim  in  the  preparation  of  this  new  edition. 
Dr.  Bergeim's  suggestions  and  assistance  have  been  invaluable  in 
connection  with  all  phases  of  the  revision,  as  well  as  in  the  preparation 
of  new  material  for  introduction.  To  Dr.  Martin  E.  Rehfuss  the 
author  is  indebted  for  the  drawings  of  the  microscopical  constituents 
of  the  feces  and  gastric  contents  and  the  curves  which  are  introduced 
in  the  Chapter  on  Gastric  Analysis,  as  well  as  for  timely  suggestions 
as  'to  certain  clinical  aspects  of  fecal  and  gastric  analy^.  Other 
members  of  the  author's  staS  who  have  aided  in  certain  phases  of  the 
revision  are  Drs.  H.  Rodell  Fishback.-Melvin  A.  Saylor  and  Clarence  A. 
Smith. 

To  Professors  Lafayette  B.  Mendel,  Paul  E.  Howe,  Marshall  P. 
Cram,  A.  P.  Sy  and  J.  C.  Blake,  the  author  is  also  indebted  for  helpful 
suggestions,  and  to  Professors  William  J.  Gies  and  Walter  Jones  for 
permission  to  insert  selected  experiments  from  their  laboratory  direc- 
tions. The  author  is  under  further  obligation  to  Professor  Jones  for 
crystals  of  hypoxanthine  chloride  and  guanine  chloride  from  which 
were  prepared  the  microphotographs  appearing  in  the  Chapter  on 
Nucleic  Acids  and  Nucleoproteins.  He  also  wishes  to  thank  Professor 
Chester  C.  Fowler  for  permission  to  insert  unpublished  material. 

The  author  is  very  appreciative  of  the  unfailing  courtesy  and  con- 
sideration of  the  publishing  house  of  P.  Blakiston's  Son  &  Co.;  the 
timely  suggestions  of  Mr.  C,  V.  Brownlow,  Mr.  I.  A,  Hagy  and  Mr. 
Horace  G.  White  have  been  very  helpful. 
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CHAPTER  I 

ENZYMES  AND  THEIR  ACTION 

AccordinR  to  the  old  classification  fcmifnts  wcrt  tlividcd  into  two 
classe-i,  tlie  organised  ferments  and  the  unorganized  fermtnls.  As  organ* 
i2e<I  fcrmt-nts  or  true  ferments  there  were  grouped  such  substances  as 
yeasi  and  certain  bacteria  which  were  supposed  to  act  by  virtue  of  vital 
processes,  whereas  the  unorganized  ferments  included  salivary  amylase 
(ptyalin),  gastric  protease  (pepsin),  pancreatit:  protease  (trj-pain),  etc., 
which  were  described  as  "non-living  unorganized  substances  of  a 
chemical  nature."  KUhne  desi^ated  this  latter  class  of  substances  as 
enzymes  (ir  linv — in  yeast).  This  division  into  organized  ferments 
(true  ferments)  and  unorganized  ferments  (enzymes)  was  generally 
accepted  and  was  practically  imquestioned  until  Buctincr  overthrew 
it  in  the  year  189;  by  hi»  epoch-making  investigations  on  zymase. 
Previous  to  this  time  many  writers  had  expressed  the  opinion  that  the 
action  of  the  ferment  organisms  was  similar  to  that  of  the  unorganized 
ferments  or  enzymes  and  that  therefore  the  activity  of  the  former  was 
pos-sihly  due  to  the  production  of  a  substance  in  the  cell,  which  was  in 
nature  similar  to  an  enzyme.  Investigation  after  investigation,  how- 
ever, failed  to  isolate  any  such  principle  from  an  active  cell  and  the 
exponents  of  the  "vital"  theorj'  became  strengthened  in  their  belief  that 
certain  fermentative  processes  brought  about  by  liv-ing  cells  could  not 
occur  apart  from  the  biological  activity  of  such  cells.  However,  as 
early  as  1858,  Traubc  had  enunciated,  in  substance,  the  principles 
which  were  destined  to  be  fundamental  in  our  modern  theory  of  fermen- 
tation. He  e-Tprcsscd  the  belief  that  the  yeast  cell  produced  a  product 
in  its  metabolic  actiWlies  wliich  had  the  property  of  reacting  with  .sugar 
with  the  production  of  carbon  dioxide  iind  alcohol,  and  further  that  this 
reaction  between  the  product  of  the  mctabnlism  of  the  yeast  cell  and  (he 
sugar  occurred  ■mt/iout  aid  from  the  original  cell.  It  was  not  until  1897, 
however,  that  this  theory  was  placed  upon  a  firm  experimental  basis. 
This  was  brought  about  tlirough  the  efforts  of  Buchner,  who  succeeded  in 
isolating  from  the  living  yeast  cells  a  substance  (Z}-mase)  which,  when 
freed  from  the  last  trace  of  organised  cellular  material,  w&s  abVt  Vo  Viiwut 
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about  the  identical  fermentative  processes  which,  up  to  this  time,  had 
been  deemed  possible  only  in  the  presence  of  the  active,  living  yeast  cell. 

Buchner's  manipulation  of  the  yeast  cells  consisted  in  first  grind- 
ing them  with  sand  and  infusorial  earth,  after  which  the  finely  divided 
material  was  subjected  to  great  pressure  (300  atmo^heres)  and  yielded 
a  liquid  which  possessed  the  fermentative  activity  of  the  unchanged 
yeast  cell.'  This  liquid  contained  zymase,  the  principal  enzyme  of 
the  yeast  cell.  Later  the  lactic-acid-  and  acetic-acid-producing  bac- 
teria were  subjected  by  Buchner  to  treatment  similar  to  that  accorded 
the  yeast  cells,  and  the  active  intracellular  enzymes  were  obtained. 
Many  other  instances  are  on  record  in  which  a  soluble,  active  agent  has 
been  isolated  from  ferment  cells,  with  the  result  that  it  is  pretty  well 
established  that  all  the  so-called  organized  ferments  elaborate  sub- 
stances of  this  character. 

Enzymes  act  by  catalysis  and  hence  may  be  termed  catalyzers  or 
catalysts.  A  simple  rough  definition  of  a  catalyst  is  "a  substance 
which  alters  the  velocity  of  a  chemical  reaction  without  undergoing 
any  apparent  physical  or  chemical  change  itself  and  without  becoming 
a  part  of  the  product  formed."  It  is  a  well-known  fact  that  the  veloc- 
ity of  the  greater  number  of  chemical  reactions  may  be  changed 
through  the  presence  of  some  catalyst.  For  example,  tate  the  case  of 
hydrogen  peroxide.  It  spontaneously  decomposes  slowly  into  water 
and  oxygen.  In  the  presence  of  colloidal  platinum,*  however,  the  de- 
composition is  much  accelerated  and  ceases  only  when  the  destruction 
of  the  hydrogen  peroxide  is  complete.  Without  multiplying  instances, 
suffice  it  to  say  that  there  is  a  close  analogy  between  inorganic  catalysts 
and  enzymes,  the  main  point  of  difference  between  the  enzymes  and  most 
of  the  inorganic  catalysts  being  that  the  enzymes  are  colloids.  The 
great  majority  of  enzymes  are  hydrolytic  in  character. 

We  may  define  an  enzyme  as  an  organic  catalyst  which  is  elaborated 
by  an  animal  or  vegetable  cell  and  whose  activity  is  entirely  independent 
of  any  of  the  life  processes  of  such  a  cell.  According  to  this  definition 
the  enzyme  zymase  elaborated  by  the  yeast  cell  is  entirely  comparable 
to  the  enzyme  pepsin  elaborated  by  the  cells  of  the  stomach  mucosa. 
One  is  derived  from  a  vegetable  cell,  the  other  from  an  animal  cell,  yet 
the  activity  of  neither  is  dependent  upon  the  integrity  of  the  cell. 

Inasmuch  as  each  of  the  enzymes  has  an  action  which  is  more  or  less 
specific  in  character,  and  since  it  is  a  fairly  simple  matter,  ordinarily,  to 
determine  the  character  of  that  action,  the  classification  of  the  enzymes 

>  Id  lalei  investigations  the  process  was  improved  by  freezing  the  ground  cells  with 
liquid  ait  and  finely  pulveriiing  them  before  applying  the  pressure. 

*  Produced  by  the  passage  of  electric  sparks  between  two  platinum  terminals  immersed 
in  distilled  water,  thus  liberating  ultra- microscopic  particles. 
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is  not  attended  with  very  great  ditTicuItics.  They  arc  ordinarily  classi- 
fied according  to  the  nature  of  the  substrate'  or  according  to  the  t)i>c 
of  reaction  the)'  brinj*  about.  Thus  wc  have  various  classes  of  cnz>-nie3, 
such  as  amylolylic,^  proteolytic,  lipolytic,  glycolytic,  uricolylic,  aulolyltc, 
oxidizing,  reducing,  inverling,  proUin-coaguiattng,  deamidising,  etc.  In 
ever>'  instance  the  class  name  indicates  the  individual  type  of  enzy- 
matic activity  which  the  t-nzymes  includctl  in  that  class  arc  capable  of 
accomplishing.  For  example,  amylolytic  enaymes  facilitate  thi-  hydro- 
\yas  of  starch  (amylum)  and  R-lated  substances,  lipolytic  enzymes 
fadlitate  the  hydrolysis  of  fats  (Xnros),  whereas  through  (he  agency  of 
uricolytic  enzymes  uric  acid  is  broken  down.  There  is  a  tendency, 
at  the  present  time,  to  harmnnizc  the  nomenclature  of  the  enzymes  by 
the  use  of  the  termination  -ast.  According  to  this  system  of  nomen- 
clature, all  starch- transforming  enzj-mes,  or  so-called  amylolytic  en- 
zymes, are  called  amylases;  all  fat-splitting  enzymes  are  called  lipases, 
etc.  Thus  plyalin,  the  amylolytic  enzjine  of  the  saliva,  would  be 
termed  salivary  amylase  in  order  to  distinguish  it  from  pancreatit:  amy- 
lase (amylopsin)  and  vegftabU  amyL-ises  (diastase,  etc.).  According 
to  the  same  system,  the  fat-splilting  enzyme  of  the  gastric  juice  would 
be  termed  gastric  lipase  to  differentiate  it  froii  tmncreatic  lipase  (steap- 
^o).  the  fat-splitting  enz>-me  of  the  pancreatic  juice. 

Defensive  [protective)  enzymes  are  thost?  believed  to  be  manufac- 
tured by  certain  cells  (perhaps  the  leucocytes)  and  passed  into  the 
circulating  blood  in  oider  to  digest  any  foreign  material  of  endogenous 
or  exogenous  origin  that  may  have  found  its  way  into  the  circulation, 
l^e  most  important  defensive  enzymes  are  proteolytic  enzymes. 
Abderhaldcn*  claims  that  the  parenteral  introduction  of  any  foreign 
protein  into  the  animal  body  will  be  followed  by  the  appearance  in  the 
blood  of  a  defensive  enzjine  capable  of  digesting  that  protein.  He  also 
claims  that  in  pregnancy  the  passage  into  the  blood  of  protein  material 
in  the  form  jof  cells  and  fragments  of  chorioaic  villi  will  cause  the 
appeariuice  in  the  blood  of  a  defensive  proteolytic  enzyme  capable  of 
digesting  placenta  protein.  The  Abdcrimlilen  reaction  for  pregnancy 
is  based  upon  this  hxpothesis.  The  reaction  has  been  widely  employed 
and  much  has  been  said  both  forandagatnst  its  accuracy.*  Modifications 
of  the  reaction  have  been  employed  as  an  aid  in  the  diagnosis  of  various 
disorders,  e^.,  cancer,  tuberculosis,  dementia  prfficox,  etc.     Taylor^ 

'SubtlaiKCM:tnlu(]ou.     SeeLlppnifiDti:  Ber.  J.  Drulitk.  Ckem.Cti,  i6,  at,  it)QS- 

*  ARiutraiig*ug];at?(  the  u»c  of  the  icmunatiOD  "cLuik"  inilc«d  oi  "lytic.''  He  calls 
AtlentiM  U  the  Uct  tliat  nmylolylic,  in  analogy  with  deUrolytic,  meant  "dccomposllion  by 
mraiu  ol  lUich"  *,ad  i»  iherclore  &  mlftnomcr.  He  »uitii4«<s  the  aae  of  amyUcloilie, 
froltotlMU,  etc 

'  AbwtirfermeiUt  da  lirris(ien  Ortanismiis,  5th  Ed.,  Dctlin,  iQiJ,  Springer. 
'Bronfcnbrcnnef-.  Janr.  Am.  AUi.  Atii.,tis,  iibd,  191  j.    Van  Sly kc;  Xva  VwkUtl, 
J&nr.,  iDi,  aio,  1916. 

•  'Ta>-Jor;  Jfiir.  Siol.  Cifm.,  ii,  59,  ipi  j. 
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has  very  recently  shown  that  "the  rabbit  does  not  form  a  protective 
ferment  in  response  to  the  injection  of  the  protamine  of  the  sahnon." 
He,  however,  points  out  the  fact  that  this  does  not  prove  that  a  de- 
fensive enzyme  is  not  formed  in  response  to  the  passage  of  placental 
protein  into  the  blood. 

Our  knowledge  regarding  the  distribution  of  enzymes  has  been 
wonderfully  broadened  in  recent  years.  Up  to  within  a  few  years, 
the  real  scientific  information  as  to  the  enzyrhes  of  the  animal  organism, 
for  example,  was  Hmited,  in  the  main,  to  a  rather  crude  understanding 
of  the  enzymes  intimately  connected  with  the  main  digestive  func- 
tions of  the  organism.  We  now  have  occasion  to  believe  that  enzymes 
are  doubtless  present  in  every  animal  cell  and  are  actively  associated 
with  all  vital  phenomena.  As  a  preeminent  example  of  such  cellular 
activity  may  be  cited  the  liver  cell  with  its  reputed  complement  of  15-20 
or  more  enzymes. 

A  Ust  of  the  more  important  enzymes  together  with  their  cUiss,  dis- 
tribution, substrate  and  end-products  is  given  below. 

CLASSIFICATION  OF  ENZYMES 

Nkme  Had  Clan  Diitributioa  Subatnti  End-pRMluct* 

CHibohydrKKFi,  ...  -  , CarbobrdTalei - .  -  ,| 

I-  Amylasts Starch,  dextria.  etc , 

<a)  PaHCTtQtic, . . .  Pancreatic  juice -  -  -    ^  Starch,  deitria.  etc- MtltOM. 

(amylapsin)  i 

lb)  Satmry Saliva ..StBrch,  deitrin,  etc iMiltOM. 

(ptyalin)                                                                                                               I 
<c)    Vficlatlc Malt,  rice  fungui.  etc Starch,  deitnD.Blc MaltOM. 


3^  Glycogtnase.. 

CglucofleTj 

,  .  PungU  other  pUnts. Inulin PnietoM. 

pHncfCAtic   and   mteitinal 

jiiicea  and  lymph,                                                                 | 

6,  Suirase. ..... 

1 

acids^ 

1.  Adenase 

3h  ArginaH 

spleen,  etc. 

i-  GuariaK- .  .  - . 

4.  Urease - . 

bean,  etc.                                                                                  monia. 

GlucoBidBGCK.  -.,.-.  .    -..-.- -  Glucoiides  (amygdalin  and, 

cthen). 

[.  Emulsin PUnU- ,- - fl-^ucosides GIucok,  etc. 

J.    Invcrtaae Yeaat.  etc ..,,,..  ft-gluco»id« -  Glucoae,  •tc. 
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CLASSIFICATION  OF  ^liZYMES. -Continued 

Nam*  and  CUm    ;  Diitribotion  i  Subnnit*  End-producu 

_...____  ^     _        _.  _  ^      _        . 

Lifata Pati ' 

1.  Aatolytic 'Aaimal  tlMaea. Pita Patty  acid  and  glycerol. 

I,  PaacMlif IPancraatic  joic*. Pati iPatty  aad  and  glycerol. 

(itaapiia) 
3.  Vegetable 'Caatoi  bean,  etc PaW... , ; Patty  acid  and  glycerol. 

KittUiis I  Nucleic  acid  and  derivativea.- 

1.   Nacleicacidaie. .  Inteitinat  mucosa  aad  juicf,  Nacleic  acid. NucleotideB, 

'  other  tiuucs, 
7.  NudeoCidaae.. .  r  Intutmalmucoia  aod  juice.  Nucleotide! Photphonc  acid  and  nu- 

<  other  tiuues.  cleoiides. 

3.  NttcleoiidaK.. . .  iTiuuea. iNucleoiidei Carbohydrate  and  twiei. 

Oxidmsts. 

I.  Laccaae.. iLac  tree,  tungi.  etc iPolyhydric  para-phenoli  aa, Oxidation  product!. 

I  hydroquinol     and      pyro- 
i                                                 I  gaUol. 
I,  Ptraadast Plant  and  animal  tisiues.   .  Organic  penmidei |  Oxygen  or  onidaiion  prod- 
ucts. 

3-  Cttaiast iPlant  and  animal  tiiBucs.   .  Hydrogen  peroxide.  Oxygen  or  oxidation  prod- 

I  ucti, 

4.  Pnrine-OEidaBea,  Punnes- 

(a)  Hypoxanlhine  Animal  tiatuei Hypoiantbine. iXanthine. 

oxidase.  i 

ib)  Uricaie   .Animal  tiaauea Uric  acid- Ailantoin. 
c>   Xantiuiie         'Animal  tissue! Xanthiae 'Uric  acid. 

oxidase. 
S-  Tyrosinaie  .      ,  Plant  and  Bnimal  ti!sue>.   .  Tyrosine.  Homogentiiic  acid.  etc. 

Peptalei |  Polypeptidi.    ... 

1.  Ertpsin Intestinal  mucosa  and  juice.  Peptids Simpler       peptida      and 

other  tis!ues.  amino  acids. 

I . „ . . 

Phytase. Rice  bran,  liver,  blood. .    .     Phytm |  Inositol  and    phosphoric 

I  ■  acid. 

ProUasti.  Proteins ' 

1.  Coatmiasti Proteins  in  aolution 

(a)  Rinnin..  Gastric  juice. Casein Paracasein. 


(gastric) 
)Tle 


(b)  Kennin..         .  Pancreatic  juice.  .  .       Casein.        ...  Paracasein, 
(pancreatic) 

(c)  ruromiia.  Blood Pibrinogen Fihrin. 

J.  Ps^iiH Gastric  juice Proteins..  Proteoses,  peptones,  and 

(acid-protease)  peptides. 

3.  Trytn* Pancreatic  juice Proteins. Proteoses,  peptones,  pep- 

(alkali-proteMBl  tides,  amino-acids, 

4.  Vegetable     pro- 
teases. 

(a)  Bromelio  . . .    Pineapple. Proteins.  ...  Proteoses,  peptones,  etc. 

(b)  Papain Pawpaw Proteins Proteoses,  peptones,  etc. 

(papayotin) 

Piitinasea(Bee  Purine 
Oxidases  and  Pur- 
ine Deaminases). 


In  text-book  discussions  of  the  enzymes  it  is  customary  to  say  that 
very  little  is  known  regarding  the  chemical  characteristics  of  these  sub- 
stances since  no  member  of  the  enzyme  group  has,  up  to  the  present 
time,  been  prepared  in  an  absolutely  pare  condition.  Apparently,  how- 
ever, from  the  nature  of  the  facts  in  the  case,  it  would  be  much  more 
accurate  to  say  that  we  absolutely  do  not  know  whether  a  specific  enzyme 
has,  or  has  not,  been  prepared  in  a  pure  state.  {Some  authors,  like 
Arthus,  have  assumed  that  enzymes  are  not  chemical  individuals,  but 
properties  conferred  upon  bodies)  The  enzymes  are  very  difficult  to 
prepare  in  anything  like  a  condition  approximating  purity,  since  they 
are  very  prone  to  change  their  nature  during  the  piocc?.?.  ^I'V  ■*V\Oci,  Siiv^ 
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investigator  is  attempting  to  isolate  them.  For  this  reason  we  have 
absolutely  no  proof  that  the  &nal  product  obtained  is,  or  is  not,  in  the 
same  state  of  purity  it  possessed  in  the  original  cell.  Some  of  the  en- 
zymes are  more  or  less  closely  associated  with  the  proteins  from  the  fact 
that  they  are  both  formed  in  every  cell  as  the  result  of  the  cellular  ac- 
tivity, both  may  be  removed  from  solution  by  "salUng-out,"  both  are 
for  the  most  part  non-diffusible  and  are  probably  very  similar  as  re- 
gards elementary  composition.  Hence  in  the  preparation  of  some 
enzymes  it  is  extremely  difficult  to  make  an  absolute  separation  from 
the  protein.  Most  of  the  evidtyice  points  to  the  protein  character  of 
enzymes.'  Under  certain  conditions  enzymes  are  readily  adsorbed  by 
shredded  protein  material,  such  as  fibrin,  and  may  successfully  resist 
the  most  prolonged  attempts  at  washing  them  free.  We  may  sum- 
marize some  of  the  properties  of  the  great  body  of  enzymes  as  follows: 
Enzymes  are  soluble  in  dilute  glycerol,  sodium  chloride  solution, 
dilute  alcohol  and  water,  and  precipitable  by  ammomum  sidphate 
and  strong  alcohol.  Their  presence  may  be  proven  from  the  nature 
of  the  end-products  of  their  action  and  not  through  the  agency  of  any 
chemical  test.  They  are  colloidal  and  non-diffusible,  and  occur  closely 
associated  with  protein  material  with  which  they  generally  possess  many 
properties  in  common.  Each  enzyme  shows  the  greatest  activity  at  a 
certain  temperature  called  the  optimum  temperature;  there  is  also  a  ' 
minimum  and  a  maximum  temperature  for  each  specific  enzyme.  Their 
action  is  inhibited  by  sufficiently  lowering  the  temperature,  although 
some  activity  may  be  shown  at  o°  or  even  at  lower  temperatures 
and  freezing  does  not,  in  most  cases,  permanently  injure  enzymes. 
Most  enzymes,  if  in  solution,  are  entirely  destroyed  by  subjecting 
them  to  a  temperature  of  70-ioo°C.  The  best  known  enzymes,  whether 
derived  from  warm-blooded  or  cold-blooded  animals,  are  most  active 
between  35°-45°C.  The  nature  of  the  surrounding  media  alters  the 
velocity  of  the  enzymatic  action,  some  enzymes  being  more  active  in 
acid  solution  whereas  others  require  an  alkaline  fluid. 

Many  of  the  more  important  enzymes  do  not  occur  preformed 
within  the  cell,  but  are  present  in  the  form  of  a  zymogen  or  mother- 
substance.  In  order  to  yield  the  active  enzyme  this  zymogen  must  be 
transformed  in  a  certain  specific  manner  and  by  a  certain  specific  sub- 
stance. This  transformation  of  the  inactive  zymogen  into  the  active 
enzyme  is  termed  activation.  For  instance,  the  zymogen  of  the  enzyme 
pepsin  of  the  gastric  juice,  termed  pepsinogen,  is  activated  by  the  hydro- 
chloric atid  secreted  by  the  gastric  cells  (see  page  141),  whereas  the  acti- 
vation of  the  trypsinogen  of  the  pancreatic  juice  is  brought  about  by  a 
'  Others  seem  to  be  like  the  substrate  on  which  they  act,  e.g.,  carbohydrate. 
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^nntancc  termed  enlerokinase^  (see  page  196).  These  arc  examples  of 
many  vrell-known  activation  processes  going  on  continually  within  the 
animal  organism.  The  agency  which  is  instrumental  in  activating  a 
zj-mogen  is  generally  termed  a  symo-exdUr  or  a  kinase.  In  the  cases 
cited  hydrochloric  add  would  be  termed  a  zymo-cxdtcr  and  entcro- 
kinase  would  be  termed  a  kinase. 

After  filtering  yeast  juice,  prepared  by  the  Buchncr  process  (see  page 
2),  through  a  Martin  gelatin  filter,  Harden  and  Voung  showed  that 
the  colloids  left  behind  and  the  filtrate  were  both  inactive  fcrmcnta- 
tively.  Upon  treating  the  colloid  material  (enzyme)  with  some  of  the 
filtrate,  however,  the  mixture  was  shown  to  be  able  to  bring  about  pro- 
oouaccd  fermentation.  It  is  believed  that  a  eo-cnzyme  present  in  the 
filtrate  was  the  efficient  agent  in  the  transformaUon  of  the  inactive 
enzyme.  It  is  necessary  to  make  frequent  renewals  of  the  co-enzyme 
in  order  to  maintain  continuous  fermentation.  It  was  further  shown 
that  this  co-enz>'me,  in  addition  to  being  diffusible,  was  not  destroyed 
by  boiling  and  that  it  disappeared  from  yeast  juice  when  this  latter 
was  fermented  or  allowed  to  undergo  autolysis.  'I"he  exact  nature  of 
this  co-enzyme  of  zymase  is  unknown.  The  co-enzyme  action,  in  this 
case,  is  probably  dependent  upon  the  presence  of  two  individual 
agencies,  one  of  which  is  phosphates. 

It  has  been  shown  by  Loevenhart  that  the  properly  of  acting  as  a 
pancreatic  lipase  co-enzyme  is  vested  in  bile  salts,  and  Magnus  has 
further  shown  that  the  synthetic  salts  are  as  efficient  in  this  regard  as 
the  natural  ones.  A  few  other  instances  of  co-cnz>'mc  demonstratioos 
have  been  reported.  * 

Electrolytes  arc  very  important  factors  in  facilitating  or  inhibiting 
enzyme  action.'  For  example,  the  CI  ion  in  proper  amount  facilitates 
the  action  of  amylases.'  In  fact  the  pre:«encc  of  the  CI  or  Br  ion  is 
apparently  absolutely  essential  to  the  activity  of  pancrcaUc  amylase, 
inasmuch  as  dialysis  renders  this  enzyme  iniictivc.  the  activity  return- 
ing on  the  addition  of  sodium  chloride.*  The  acidity  or  hydrogen  ion 
concentration  of  the  solution  also  exerts  much  influence  on  the  activity 
of  enz)'mcs.  It  has  been  demonstrated  in  the  case  of  certain  enzymes, 
at  least,  that  the  continuous  vibration  or  shaking  of  their  solutions  tends 
to  produce  a  destruction  of  the  enzyme.  Ultraviolet  light  also  has  a 
destructive  action  on  enzymes. 

The  so-called  "specificity"  of  enzyme  action  is  an  interesting  and 
important  fact.     That  enzymes  are  very  specific  as  to  the  character  of 

■  According  to  TieUxeane.  trypsitiiiKCO  may  be  rapiilly  actlvAted  by  toluble  calcium  salu. 

*  Pot  lilmtQK,  *f«  KcMsIl  and  Sh«rmiLa:  Jtmr.  Am.  Ckem,  5oe.,  31,  >oS7.  >9iOb 

•  WotlgemoUi:  Biathtmhchc Ztilichrijt.g,  xd,  1908. 
•Bictry:  /M.,  40,  sS7i  I9ii> 
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the  substrate,  or  substance  acted  upon,  is  well  known.  Emil  Fischer 
investigated  this  problem  of  specificity  extensively  in  connection  with 
the  fermentation  of  sugars  and  reached  the  conclusion  that  enzymes, 
with  the  possible  exception  of  certain  oxidases,  can  act  only  upon  such 
substances  as  have  a  speci&c  sCereo-isomeric  relationship  to  themselves. 
He  considers  that  the  enzyme  and  its  substrate  must  have  an  inter- 
relation, such  as  the  key  has  to  the  lock,  or  the  reaction  does  not  occur. 
Fischer  was  able  to  predict,  in  certain  definite  cases,  from  a  knowledge 
of  the  constitution  and  stereo-chemical  relationships  of  a  substance, 
whether  or  not  it  would  be  acted  upon  by  a  certain  enzyme.  An  appli- 
cation of  this  specificity  of  enzyme  action  may  be  seen  in  the  well-known 
facts  that  certain  enzymes  act  on  carbohydrates,  others  on  fats,  and 
others  on  protein;  and,  moreover,  that  the  group  of  those  which  trans- 
form carbohydrates,  for  example,  is  further  subdivided  into  specific  en- 
zymes each  of  which  has  the  power  of  acting  alone  upon  some  one  sugar. 

It  has  been  conclusively  shown,  in  the  case  of  certain  enzymes,' 
at  least,  that  their  action  is  a  reversible  one  and  is,  in  all  its  main  fea- 
tures, directly  analogous  to  the  reversible  reactions  produced  by  chem- 
ical means.  For  instance,  in  the  saponification  of  ethyl-butyrate  by 
means  of  pancreatic  lipase,  it  has  been  shown  that  upon  the  formation 
of  the  end-products  of  the  reaction,  i.e.,  butyric  add  and  ethyl  alcohol, 
there  is  reversion'  and  the  reaction  is  stationary.  This  does  not  mean 
there  are  no  chemical  changes  going  on,  but  simply  indicates  that 
chemical  equilibrium  has  been  estabhshed,  and  that  the  change  in  one 
direction  is  counterbalanced  by  the  change  in  the  opposite  direction. 
Pancreatic  lipase  was  one  of  the  first  enzymes  to  have  the  reversibility 
of  its  reaction  clearly  demonstrated.'  A  knowledge  of  the  fact  that 
lipase  possesses  this  reversibility  of  action  is  of  extreme  physiological 
importance  and  aids  us  materially  in  the  explanation  of  the  processes 
involved  in  the  digestion,  absorption,  and  deposition  of  fats  in  the 
animal  organism  (see  page  178). 

Euler'  claims  that  enzymatic  cleavage  and  synthesis  are  often  brought 
about  by  two  different  components  of  an  enzyme  preparation.  He 
would  indicate  this  fact  by  giving  the  termination  -ese  to  those  enzymes 
exerting  a  synthetic  function.  For  example,  the  enzyme  which  catalyzes 
the  formation  of  nitriles  Euler  would  call  nitrilcjc  in  distinction  from 
nitriluse  which  splits  nitriles.     He  would  further  designate  as  phos- 

'  This  is  probably  a  general  condition. 

'  Tlie  re-sjDlhcsis  of  cthyl-bulyrale  from  its  hydrolysis  products.     This  may  be  indi- 
cated thus: 

C,H,CO0.C,H.+H,O^C,H,CO0H+C,H,OH. 
Elhyt-bulyrale.       Butyric  acid.     Elhyl  alcohol, 
*  This  principle  was^ni  demonstrated  in  connection  with  theenzymemaltase(seep.  s?)- 
'  Euler:  ZeilschH}tJiir  phyiiologischt chemic,  74,  13,  igii. 
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^  ph&tese  the  cnzj-me  whkh  builds  up  phosphoric  add  esters  of  carbo- 
Ihydrates  in  distinction  from  phos])haLt»r  which  causes  their  cleavage. 
'  In  the  same  way  he  would  differentiate  the  lipolytic  enzymes  into  lip<iJ» 
^and  Iip««5. 

i      In  respect  to  many  enzymes  it  has  been  found  that  the  law  govem- 

[ing  the  action  of  inorganic  catalyzers  is  directly  applicable.  i.e.,  that 

the  intensity  is  almost  direcliy  proporlitmal  to  Ike  concenlration  of  the 

ensymr.    In  the  case  of  enzymes,  however,  there  is  a  difference  in  that  a 

maximum  intensity  is  soon  reached  and  that  subsequent  concentration 

|0f  the  enzyme  is  productive  of  no  further  increase  in  intensity.     The  en- 

rxymes  which  have  been  shown  to  obey  this  linear  law  are  lipase,  sucrase, 

rennin,  and  tr)-psin.     In  certain  instances,  where  this  law  of  direct 

proportionality  between  the  intensity  of  action  and  the  concentration 

rOf  en2ymes  does  not  hold,  it  has  been  found  that  the  Sch&tz-Borisstnv 

Wtw,  first  experimentally  demonstrated  by  E.  Schiitz,  was  applicable. 

HThis  is  to  the  effect  that  the  intensity  is  directly  proportional  to  the 

■dB&re  root  o(  the  concentration,  or  conversely,  that  the  relative  con- 

wtmati^ns  of  enzyme  prepartitions  are  directly  proportional  to  ttir.  squares 

of  the  intensities.^ 

I      It  has  been  shown  that  there  are  certain  substances  which  possess 
iOic  projwrty  of  directly  inhibiting  or  preventing  the  action  of  a  cata- 
B^'zer.     These  are  called  anti-cclalyzcrs  or  jiaralyzcrs  and  have  been  com- 
kared  to  the  anti-toxins.     Related  to  this  class  of  anti -catalytic  agentft 
stand  the  anii-ensytnes.     The  first  anti-enzyme  to  be  repurled  was  the 
antirennin  of  Morgenroth.     This  was  produced  by  injecting  into  an 
puiimal  increasing  doses  of  rennet  solution,   whereupon  an   "anti" 
substance  was  subsequently  found  both  in  the  serum  and  in  the  milk, 
-which  prevented  the  enzyme  reiuiin  from  exerting  its  normal  activily 
pn   the  presence  of  casein.     In    other   words,    anti-rennin    had   been 
forme<l  in  the  serum  of  the  animal,'  through  the  reireatcd  injections  of 
t  rennet  solution.     Since  the  discovery  of  tliis  anti-en7.>'me,  anti-bodies 
rhave  been  demonstrated  for  peps-in,  trypsin,  lipase,  urease,  amylase, 
Uccase,  tyrosinase,  emulsin,   papain,  and    thrombin.     According  to 
Wcinland,  the  reason  why  the  stomach  does  not  digest  itself  is,  that 
.during  iife  there  is  present  in  the  mucous  membrane  of  the  stomach  an 
\anli-eHtyme.  (anti-pepsin)  which  has  the  property  of  inhibiting  the  action 
of  pq>!un.    A  similar  substance  (anti-trjpsin)  is  present  in  the  intestinal 
mucosa  as  well  as  in  the  tissues  of  various  intestinal  worm.*.     Some  in- 
vestigators arc  not  inclined  to  accept  the  enzyme    nature  of  these 
Bnhibitory  agents  as  proven. 


*  Tbh  SdiUtx-BoriMOw  Uw  ii  not  generally  applicable. 
*SeniBi  a  iMrmally  ami-trypiic. 
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The  investigations  of  Ehrlich'  and  of  Neuberg*  have  served  to  cause 
a  complete  revisios  of  our  ideas  regarding  yeast  fermentation.  Ehrlich, 
for  example,  has  shown  that  yeast  mil  liberate  ammonia  from  amino  acids 
and  leave  behind  a  non-nitrogenous  complex.  Among  these  complexes 
am}'l  alcohol,  succinic  add  and  others  may  be  mentioned.  Thus,  amyl 
alcohol  results  from  the  fermentation  of  leucine,  whereas  ethyl  alcohol 
results  from  the  fermentation  of  sugar.  Neuberg  has  demonstrated  the 
presence  in  the  yeast  of  an  enzyme  termed  carboxylase  which  has  the 
property  of  splitting  o_ff  carbon  dioxide  from  the  carboxyl  group  of  amino 
and  other  aliphatic  acids.  The  findings  mentioned  above  constitute  the 
basis  for  much  important  work  on  so-called  "sugar-free  fermentation." 

For  a  more  extended  consideration  of  enzymes  the  student  is  referred 
to  the  following  sources: 

Bayliss. — The  Nature  of  Enzyme  Action,  Third  Edition,  Long- 
mans, Green  and  Co.,  New  York  and  London. 

CoHNHEiM. — Enzymes,  Wiley  and  Sons,  New  York,  1912. 

DucLAUx. — Traits  de  Microbiologie,  Masson  and  Co.,  Paris. 

Effront. — Enzymes  and  their  Applications,  Translated  by  Pres- 
cott,  Wiley  and  Sons,  New  York. 

EuLER. — (a)  Allgemeine  Chemie  der  Enzyme,  Bergmann,  Wies- 
baden, 1910.  (i)  Ergebnisse  der  Physiologie,  1909-10.  (c)  General 
Chemistry  of  the  Enzymes,  Translated  by  Pope,  Wiley  and  Sons, 
1912. 

Oppenheimer. — Die  Fermente  und  Ihre  Wirkungen,  Vierte  Auflage, 
Vogel,  Leipzig. 

Sauuely. — Handbuch  der  Biochemie  des  Menschen  und  der  Thiere 
(Oppenheimer),  Gustav  Fischer,  Jena,  1910-11. 

Wohlgemuth. — Grundriss  der  Ferraentmethoden,  1913,  Berlin, 
Springer. 

EXPERIMENTS  ON  ENZYMES  AND  ANTI-ENZYMES 
A.  Experiments  on  Enzymes' 

I.  AMYLASES 

I.  Demonstration  of  Salivary  AmylaEe. *— To  35  c.c  of  a  t  per  cent  stardi 
paste  in  a  small  beaker,  add  5  drops  of  saliva  and  stir  thoroughly.  At  interrals 
of  a  minute  remove  a  diop  of  the  solution  to  one  of  the  depressions  of  a  test-tablet 

'  Ehrlich:  Biochcmiscke  ZriUchrift,  36,  477,  igi  i. 

'  Neuberg  and  Collaborators:  Biachemische  ZciUchrift.ii.tio-,  33,  3)3;  36(6o,68,ind 
76),  igu. 

•  If  it  is  deemed  advisable  by  the  instructor  to  give  all  the  practical  work  uponeiuymei 
at  this  point  in  the  course,  additional  experiments  will  be  found  in  Chapters  III,  VI,  VII, 
X  and  XI, 

'  For  a  discussion  of  this  enzyme  see  p.  35. 
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and  t«st  bj  the  iodine  test'    If  the  Uue  color  with  iodine  ttiU  forms  after  five 
minutes,  add  aoolher  5  drops  of  saliva. 


\ 


The  opalescence  of  the  starch  solution  should  soon  disappear, 
indicating  the  formation  of  soluble  starch  (amiduHn)  which  gives  a  blue 
color  with  iodine.  This  body  should  soon  be  transformed  into  erylkro- 
dextrin  which  gives  a  red  color  with  iodine,  iind  this,  in  turn,  should 
pass  into  achroodtxtrin  which  gives  no  color  with  iodine.  This  point  i* 
called  the  achromic  point.  Wlien  this  point  is  reached  test  by  Fchling's 
test'  to  show  the  production  of  a  reducing  substance  (maltose).  A 
positive  Fehling's  test  may  be  obtained  while  the  solution  still  reacts  red 
with  iodine,  inasmuch  as  some  sugar  is  formed  from  the  soluble  starch 
coincidently  with  the  formation  of  the  erj-throdextrin.  For  further 
discussion  of  the  transformation  of  starch  see  page  56. 

3.  Demoostratioaof  PancreaCic  AmylaM.'— i*rgci-crl  cxucll}- h.h  indicated  above 
ta  ihc  Demonstration  of  SaLivai>'  Amj  lasc  except  that  the  ssliva  is  rcplorcd  by  3  c.c. 
of  pancreatic  Mtract  prepared  u«  <le«cribed  uu  p.  1S9.*  ranciL-alic  amybiM  trans- 
forms tbc  slarcb  in  a  manner  entirely  analogous  to  the  transformation  r»iiliing 
from  ibe  action  of  salivary  amylase. 

3.  Preparatioii  of  Vegetable  Amylase.  Extract  finely  ground  malt  with  water, 
filler  and  subject  the  filtrate  to  alcoholic  feimentation  by  means  of  yeast.  When 
fennentation  is  complete  filter  off  the  yeast  and  precipitate  the  amylase  from  the 
filtrate  by  the  addition  of  alcohoL  The  precipiuis  may  be  filtered  off  and  ob- 
tained in  the  form  of  a  fine  white  powder. 

A  purer  preparation^  in  obtained  if  the  solution  is  dialyzetl  against 
water  at  about  loT.  (in  the  ice-box)  for  24  hours,  filtered  and  pre- 
cipitated with  alcohol  or  acetone.  First  alcohol  or  acetone  to  make  a  50 
per  cent  solution  is  added,  the  precipitate  thus  formed  being  rejected, 
while  the  precipitate  formed  on  the  addition  of  sufficient  alcohol  or 
acetone  to  make  a  final  concentration  of  65-70  per  cent  is  preserved,  and 
dried  in  a  vacuum  desiccator  at  a  low  temperature. 

4.  Demonstratioa  of  Vegetable  Amylase. — ^This  enzyme  may  be  demon- 
vtrsted  according  to  the  directions  given  under  Demonstration  of  Salivary  Amylase. 
page  10,  with  the  exception  that  the  saliva  used  in  that  experiment  is  replaced  by 
an  aqueous  solution  ol  the  vegetable  amylase  powder  prepared  as  described 
above.' 

*  Sec  p.  45. 
'Set  p.  tb. 

*  For  a  diKumon  oi  Ihi*  cnxyme  mc  p.  187. 

*  Commercial  ivn^ataiions  of  pancreatic  amyluK  mar  be  subxiituted  for  the  paocmilc 
extract. 

■Sherman  and  Schlcsingcr:  J.  An.  CM.  Soc,  ^5.  1617,  1015. 

■  If  dniral  the  fir  if  aaucouR  eiltact  of  the  original  malt  may  be  used  in  thi»  ilemunstia- 
lion.     CoaiJatfcui  I'jkii-Jia  ilittt  may  also  be  employed. 
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n.  PROTEASES 

I.  Preparation  of  Gastric  Protease.'-  Treat  the  finely  cotnminuled  mucoM  of 
<  pig'B  Bbunach  with  0.4  per  cent  hydrochloric  acid  and  extract  at  38'C.  for 
34-49  hours.     The  filtrate  from  this  mixture  cooslituieE  a  very  satisfactory  acid 

I    extract  of  fastiic  protease  {aee  page  144I.  M 

a.  DemoDstralion  of  Gastric  Protease.-  -Introduce  eome  protein  material     I 
(fibrin,  coagulated  egg-white,  or  washed  lean  beef'  into  the  acid  extract  of  gastric     ■ 
prot^Bse  prepared  as  above  described,'  add  an  equal  volume  of  0.4  per  cent 
hydrochloric  acid  and  place  the  mixture  at  ^'C.  for  3-3  days.    Identify  the 
products  of  digestion  according  to  directions  given  on  page  144. 

Carmine-fibrin  may  also  be  used  in  this  test.  This  is  prepared 
by  nitining  fibrin  through  a  meat  chopper  washing  carefully  and  plating 
in  ii  J-^  per  cent  ammoniacal  carmine  solution  (very  Utile  excess  am- 
monia should  be  present)  until  the  maximum  coloration  of  the  fibrin 
^a  dark  red)  is  obtained.  The  fibrin  is  then  washed  in  water  an<l  water 
acidified  with  acetic  acid.     It  is  prcser\'cd  under  glycerol. 

To  15  c.c.  of  Ihe  solution  to  be  tested  add  a  small  amount  of  the 
carmine  fibrin  and  allow  to  digest  at  room  iemperature.  Digestion  will 
he  shown  by  the  setting  free  of  carmine  with  coloration  of  the  solution. 
This  IS  a  delicate  test  for  pepsin.  A  control  should  be  run  using  acid  of 
same  strength  as  that  of  enuyme  solution  tested. 

i.  Preparation  of  Pancreatic  Protease.'  A  satisfactory  extract  of  this 
enzyme  may  he  made  from  the  pancreas  of  a  pig  or  sheep  according  to  the  direc- 
tions given  on  page  189. 

4.  Demonstration  of  Pancreatic  Protease.- -Into  an  alkaline  extract  of  pan- 
creatic protease, '  prepared  as  directed  on  page  i8q,  introduce  some  fibrin,  coagu- 
lated egg-wbite  or  lean  beef  and  place  the  mixture  at  38°C.  for  1-5  days.'  At 
the  end  of  that  period  separate  and  identify  the  end-products  of  the  action  of  pan- 
creatic protease  according  to  the  directions  given  on  page  189. 

Congo-red  fibrin  may  be  used  in  this  test.  This  may  be  prepared 
by  placing  fibrin  in  fainlly  alkaline  cungo-red  solution  and  heating  to 
8o*C.  The  fibrin  is  then  washed,  A  small  amount  of  this  colored 
fibrin  is  placed  in  the  slightly  alkaline  solution  of  the  enzyme.  Diges- 
tion is  shown  by  a  red  coloration  of  the  solution  due  to  setting  free  of 
Congo  red. 

■  Alio  called  ftpsiti,  ptftatt,  tiulrit  ptiAfit*  and  Mid  proUate  Fur  a  diKUtnon  of  thii 
eaiymr  »c«  p.  141. 

*  If  so  detired.  ■  ulution  of  commctcial  pcpiin  powder  in  o.t  per  cent  hydrocliloric  acid 
may  be  nibiUtuted. 

*  .\Uo  culled  Irypiin,  Irypsatt.  faHcrealic  froUatt  und  alh^i  protease.  For  a  (tidOiMJon 
oltlilftoiuymc  »»  p.  1S6, 

*  A  o.»5  per  cent  nodiuro  carbonate  solution  of  commercial  hypsitt  or  pamrtMin  may  be 
subttituicd. 

*  A  (cw  c.c.  of  toluol  or  an  alcoholic  Mtlution  of  Ihymol  xhould  be  added  to  prevent  puirc- 
factioa. 
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S.  Demonstntioa  of  a  Vegetable  Protease. — A  comm«rciiil  prcpuratiuii  oC 
papain  {papayotin,  (amse  or  popate),  the  proica&e  of  the  fruit  of  the  pawpaw  {tarita 
papaya),  may  be  usecl  in  thi«  cunncction.  Follow  the  *anie  proceduie  as  that  de- 
scribed under  Gastric  Protease  (sec  p.  it). 

Il  Itai  been  (lemonslrated  by  Mcndd  iiiul  Bluoil'  that  the  pteMOce  of  IICN 
vill  Accdcinle  the  proteolytic  activity  of  papain.  It  is  suggested  that  the  IICN 
acts  aa  a  ao-calle<d  €o-<Htymt  (see  page  7). 

Vino»  believes  thnt  "pnpain"  consists  of  a  mixture  of  two  cnxymcs,  n  pepsin 
and  an  erepsln.  Mendel  aod  Blood  do  not  consider  the  evidence  on  this  point  as 
conclusive. 

m.  UPASES 

I.  Preparation  of  Pancreatic  LipBEe.'— An  extract  of  this  enzyme  may  be 
prepared  from  the  pancreas  of  the  pig  or  sheep  according  to  the  directions  given 
on  page    189-' 

3.  Demonstration  of  Pancreatic  Lipase.— Into  each  of  two  test-tubes  intro- 
duce 10  c.c.  of  milk  and  a  small  amount  of  litmus  powder.  To  the  contents  of  one 
tube  add  3  c.c.  of  a  neutral  extract  of  pancreatic  lipase  and  to  the  contents  of  the 
other  tube  add  3  c.c.  of  a  boiled  neutral  extract  of  pancreatic  Upase.  Keep  the 
tobss  at  jS'C  and  watch  for  color  changes. 

The  blue  color  of  the  litmus  powder  will  gradually  k>vc  p1ac«  to  a 
red.  This  change  in  color  of  the  litmu.>%  from  blue  to  red  has  been 
brotight  altout  by  the  fatty  acid  which  has  been  produced  through  the 
lipolytic  action  exercised  by  the  lipase  upon  the  milk  fats. 

* 

3.  Preparatibn  of  Vegetable  Lipase.— This  cnj[>Tnc  may  be  readily  prcpnccd 
from  castor  beans,  several  niunlhs'  old.  by  the  following  procedure:'  Grind  the 
shelled  bean*  very  fine*  and  extract  for  twenty-four-hour  periods  with  alcohol-ether 

nd  ether,  in  tiirn.    Reduce  the  seDii-fai-free  material  to  the  I'lncst  possible  consist- 
by  means  of  mortar  and  pe*tlc  and  paiu  this  mntcrial  ihroagh  a  lieve  of  very 
mesh.     Place  this  material  in  a  Soxhlct  extractor  and  extract  for  one  week. 
fat>free  powder  may  then  lie  used  to  demonxirale  the  action  of  vegetable 
Powder  prepared  ss  described  may  be  used  in  quantitative  tests.     For 
'  oxdinar>-  qualitative  tests  it  Is  not  necessar)-  to  remove  the  last  traces  ol  (at  and 
therefore  the  cxttnclion  period  in  the  Soxhlct  apparatus  may  be  much  shortened. 

4.  Dfioionstration  of  Vegetable  Upase.— The  lipolytic  action  of  the  lipase  pre- 
rpared  from  the  ca-itor  bc-in,  as  just  described,  may  be  dcmonntnited  in  a  manner 

entirely  analogous  to  that  used  in  tlie  Demonstration  of  Pancreatic  Lipase,  sec 
(above.     Proceed  as  indicated  in  that  experiment  and  sub.ititute  the  vegetable 
Spaae  powder  for  the  neutral  extract  of  pancreatic  lipase.     The  t>'pe  of  action  is 
eattrdy  analogous  in  the  two  instances. 

'  Mcndc!  and  Blood:  Jemnal  oj  Biotaekiil  Chrmitlry,  &,  i JJ,  iftio. 

*Viiw«:  Annals  of  IMany,  ig,  174.  igo;. 

'  Abo  called  sttapnn.  For  a  discutiion  of  thr  ciuyme  tee  p.  (88.  A  very  active  lipo- 
lytk:  extract  may  sbo  he  prepared  ironi  ihr  liver. 

*  If  preferred,  a  Ayunt  ttlraci  may  be  prepared  accordiDK  to  the  directions  given  by 
Eanlit  (ZtilstJtrifi  fur  physMnisekt  Cli*mi«,  tQo6,  46,  p.  4S1)  or  commercial  pancretiHn 
may  be  cmplovcd. 

•A.  E.Tavlor;  On FmntnlMwn;   Vnittttilya!Ca3>fvmi«t'iiUieati(mt,\V>T- 

•The  ihelli  tbould  be  removed  without  the  u>e  of  "'aier.  These  beant  arc  potionem, 
to  their  content  of  ritia. 
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An  experiment  simiUr  lo  Expedmcnt  2.  page  193,  nuty  also  be  tried  U  desii«d. 
In  this  expcrim«Dt  0.3  c.c.  uf  cither  ethyl  hutytat*  or  amyi  acetaie  nuty  be  employed. 

tV.  IBVERTASES' 

I.  PrepMTBtion  o(  VegeUble  Sucrase.' — Thoroughly  gHnd  shout  100  grsnu  of 
brewer's  yeast  in  a  mortar  with  sand.  Spread  the  ground  yeast  in  thin  layers  00 
glau  or  porous  plates  and  dry  it  rapidly  in  a  current  of  dry,  warm  air.  Powder 
this  dry  yeast,  extract  it  with  distilled  water  and  filter.  Pour  the  filtrate  into 
acetone,  stir  and  after  permitting  the  acetone  mixture  lo  stand  for  a  few  minutes 
filter  on  a  Buchner  funnel.  The  resulting  precipitate,  after  drying  and  pulTcr- 
ixiDg,  may  be  tised  (o  demonstrate  vegetable  sucrase. 

3.  DemonstralioD  of  Vegetable  Sucrase.— To  about  5  c.c.  of  a  i  per  cent 
solution  of  sucrose  in  a  test-tube  add  a  small  amount  of  the  sucrase  powder  pre- 
pared as  directed  above.  Place  the  tube  at  ^'C.  for  14-73  hours  and  at  the  end 
of  that  period  test  the  solution  by  Pehling's  test.  Reduction  indicates  that  the 
active  sucrase  powder  has  transformed  the  non-redudni;  sucrose  into  glucose 
and  fructose,  and  these  sugars,  in  turn,  have  reduced  the  Fehling  solution. 

For  other  eiperimenls  on  Invertases,  see  Chapter  XI. 


V.  OXIDASES* 


4 


1.  Demonstration  of  Ondase.— Oxidases  or  oxidizing  cnzjines  con- 
stitute a  very  important  Kroup  of  inlracelliilar  enzymes.  They  are 
intimately  connected  with  the  oxidation  proces-ws  in  the  plant  and  ani- 
mal orfianiMns. 

t.  Cut  a  thin  slice  from  a  freshly  pared  potato,  place  it  on  a  Watch  glass  and 
examine  at  intervals  during  the  laboratory  exercise.  Note  that  the  colorless 
potato  gradually  becomes  brown. 

This  is  due  tu  the  uxidation  of  para-oxyphenyl  substances  such  as 
tyrosin,  in  the  cells  and  in  the  intracellular  juice  of  the  potato.  Two 
oxidase:^  wliich  have  the  power  of  accelerating  the  oxidation  of  para- 
oxyphen>'l  compounds  are  called  tyrosinase  and  laccase. 

2.  Preparation  of  Potato  KxtiacL^Scrape  a  pared  potato  by  means  of  a  knife 
or  scalpel  or  comminute  the  potnto  substance  by  means  of  a  grater.  Extract  the 
macerated  potato  substance  by  means  of  water.  Strain  through  cheese  cloth  and 
filter  the  extract  Make  an  iodine  test  on  the  solid  substance  (see  Starch,  page 
4S),  and  save  the  water  extract  for  use  in  the  following  eiperimenU. 

J.  Ozidatioa  of  Para-oxyphenyt  Compounds  by  Potato  Oxidases. — Introduce 
5  cc.  of  filtered  potato  extract  prepared  as  indicated  above,  into  each  of  six  test- 
tubes.  Introduce  additional  reagents  into  the  tubes  according  to  the  following 
series: 

(a)  PoUto  extract  +  5  drops  of  toluol  (control). 

(b)  Potato  extract  +  5  drops  of  ether  (control). 
•  The  im/erliug  emynitt  0/  Iht  alimtnlary  Irid;  Mendel  and  Mitchell:  A  mtritan  JoarMl 


0/ PliViielofy,  10,  Si,  1907-08. 
'  For  a  dis 


liscuMioD  of  th!a  eoK/me  set  p.  tQ}. 
*  Thne  experiments  have  been  adapted  (rum  directloni  cootainrd  in  the  Laboratory 
Notes  of  PiofcMor  Cic&  oi  the  College  o!  PhyiiciAtti  itnd  Surgeoni,  New  Vurk. 
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(c)  Pouio  extract  +  s  <iro?6  of  i  per  ceat  phenol  solution. 

(d)  Potato  extrxct  +  5  diopt  of  1  per  cent  "  tri-cresol  "  solution. 

(«)  PoUto  extract  (boUed  and  cooledj  +  5  drops  of  i  per  cent  phenol  e<dutioa. 

(f)  Potato  extract  (boiled  and  cooled)  +  S  drops  of  i  per  cent  "  tri-cietol " 
soluttoo. 

Shake  the  contents  of  the  six  tubes  thoroughly.  Are  there  any  immediate 
color  changes?  Place  the  tubes  in  your  rack,  and  examine  them  at  the  next 
laboraiorj'  exercise. 

4.  Bxperimeats  with  Typical  Oxtdase  Reagents.-  Introduce  5  cc.  of  filtered 
potato  extract  Into  each  of  four  tesi-tubes.    Add  oxidase  reagents  as  follows: 

(aj  Potato  extract  -r-  lo  drops  of  guaiac  solution.' 

(b)  Potato  extract  +  to  drops  of  a-naphthol  solution.' 

(c)  Potato  extract  +  10  drops  of  para-phenylenediamine  hydrochloride 
solutioo.* 

fd'i  Potato  extract  +  5  drops  of  u-naphthol  solution  +  5  drops  of  pan-- 
phenyl  en  ediantinc  hydrochloride  solution  i-  5  drops  of  10  per  cent  soditni 
csrbonate  (Indopbenol  Test). 

Shake  the  contents  of  each  tube  thoroughly  and  note  immediate  color 
changes.  Place  the  tubes  in  the  rack  and  leave  them  undisturbed  until  the 
end  of  the  laboratory  exercise.  Note  any  changes  or  peculiarities  in  the  color- 
ation efiects,  especially  at  the  surface  of  the  liquid. 

In  ti]bc  (a)  the  guaiaconic  acid  of  the  guaiac  resin  has  been  oxidized 
and  formed  guaiac  blue. 

In  tube  fb)  a  Mvlel  coloration  due  to  the  production  of  di-naphthol 
appears.     The  oxidase  has  oxidized  the  a-naphthol. 

In  tube  (c)  we  have  a  change  whose  chemistry  is  not  well  known. 

In  tube  (d)  we  have  the  production  of  indojjhcnol  frum  the  ct-naph- 
thol  and  the  para-phenylenediamine  hydrochloride  under  the  influence  of 
asc.  The  indophcnol  is  soluble  in  the  alkaline  solution.  The  color 
ually  changes  from  red  to  purple  a<i  the  indophcnol  accumulates. 

The  production  of  the  abo%'c  colors  docs  not  possess  any  biological 
significance.  These  colors  simply  serve  to  indicate  that  certain  reac- 
tions are  taking  place  which  occur  normally  in  living  cells,  although 
in  the  latter  case  they  are  of  course  unaccompanied  by  any  color 
change.  Intracellular  oxidase  favors  the  utilization  of  o.tygcn  by  a 
cell,  just  as  the  potato  oxidase  has  facilitated  the  oxidation  of  the 
chromogens  in  the  above  tests. 


VL  CATALASE 

Demonstration  of  Catalas«. — The  various  animal  ti.'tsues  as  liver, 
kidney,  blood,  lung,  muscle  and  brain  contain  an  enzyme  called  catalase 
or  peroxidase  which  possesses  the  property  of  decomposing  hydrogen 

'  Made  hy  dtuolruig  o.j  gntm  of  guaiac  retia  in  30  c.c.  of  95  per  ct-nt  alcoliol. 

*  Moik  by  diHOlviog  1  gmm  of  er-oaphtbol  in  100  c.c.  «(  li  per  cent  itlcohol. 

*  Diuolre  1  |tani  ot  jiiira-pbcDyleDe  uiamine  li)*drocb1otide  in  100  c.c.  ol  wMct. 
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peroxide  as  well  as  certain  biological  peroxides  with  the  liberation  of 
oxyKcii.  Calatase  is  an  indirect  oxidizing  enzyme,  that  is,  it  brings  about 
oxidntioHii  only  in  the  presence  of  a  peroxide.  Catalase  is  also  found  in 
many  plant  tissues  and  an  extract  o{  it  may  be  prepared  from  potatoes. 

I.  Vegeuble  Catalase.— Into  ««cb  of  four  ieBt-tub«8  plac«  5  cc.  of  filtered 
potato  extract  prepared  as  in  Experiment  1,  page  14.  Prepare  a  second 
Mries  of  four  tubes  (see  4<  p.  is'i  ^^t  use  a  boiled  potato  extract.  Prepare 
also  a  third  series  using  water  instead  of  potato  extract.  Now  add  to  each 
of  the  twelve  tubes  5  drops  of  a  3  per  cent  solution  of  hydrogen  peroxide.  While 
the  resultant  lively  eSerrescence  is  in  progress  add  to  each  series  the  four 
"Typicsl  Oxidase  Rcngents"  in  the  order  and  quantities  specified  in  the  preceding 
experiment  (4).  Allow  the  tubes  to  lemaiu  undisturbed  and  carefully  note  com- 
parative eSecta  during  the  remainder  of  the  laboratory  exercise.* 

2~  Animal  Catalase. — Th<.-  pccaeiice  of  this  cn/.ymi;  nu)>  oIm  bu  demonstrated 
as  follows:  Intmilurc  into  n  low,  broad.  u-ide-mouthe((  bottle  some  puli>cd  liver 
tissue  and  a  porcelain  crucible  tonlainiii^  neulrnl  hydrogen  peroxide.'  Connect  the 
bottle  wilt]  2  eudiometer  filled  with  water,  upxrl  the  crucible  of  hydrogen  peroude 
upon  ihc  tivcr  pulp  and  note  the  coll<H:tion  of  gas  in  the  eudiometer.  This  gas  b 
oxygen  which  ha»  beea  lilmaled  from  the  hydrogen  petoxi<le  through  the  action  of 
the  catalase  of  the  liver  (Issue- 
See  next  expetiment  tor  a  method  for  the  <]uuntitalive  determination  of  catalase 
based  on  the  above  principle. 

3.  Quantitative  DetemttnatiOD  of  Catalase.'— In  the  determination  of  the 

catalase  vaiua  of  lissuo  weighed  portions  of  the  tissue  under  cxaminmion  sfaouUI 

begroumjviiih^ndina  mortar  then  treated  with  lour  volumes  of  chloroform  water 

J  and  pccmiiicd  to  extract  for  24  hours  at  room  Temperature.     An  apparatuK  auch 

[■«»  that  shown  in  Fig.  t  may  be  employed  in  lietermining  the  cAiatase  values.    The 

'  main  features  of  the  apparatus  arc  hnseil  upon  thoKc  of  a  delivery  funnd  for  intio* 

ducing  liquids  under  increased  or  diniinisbeU  pressure. 

In  making  a  dctermin.ition  introduce  a  nic.-aKureil  volume (1-4 cc.)  of  tlte  filtered 
extract*  into  the  small  flask  and  insert  the  modified  Johnson  burette  grsduated  to 
5  c.c.  aod  containing  50  c.e.  of  hydrogen  [>croxitlc  (OakUiul  dioxygen  neutral'  to 
Congo  red)  into  the  neck  of  the  flask.  Fill  the  eudiometer  with  water  and  place  in 
positiou.  Cloie  cocks  .\  and  C  .mkI  open  cuckK  B  and  D  thus  permitting  5  c.c.  of 
the  peroxide  to  How  into  the  flask.  Shake  llic  contents  of  the  dask  briiikly*  and 
record  the  volume  of  oxygen  evolved  in  a  twu-niinute  period  taking  readings  at 
intervals  of  fifteen  seconds. 

Caiadathn. — When  a  series  of  comparative  tests  are  made  on  different  tissues 
or  on  the  name  tiMiie  under  difTercni  conditions  it  it.  conttidered  satisfactory  to  make 
a  comparison  of  the  catalase  values  upon  the  basis  of  the  tolumt  of  oxy%tn  athd 

'This  cxporiracnt  has  been  adanted  from  one  contained  in  the  Laboratoty  Notts  of 
ProfeMorUiesollheCutlcecol  PtiytlctaniandSurucons,  .New  York, 

'MoidelandLcavrnworlh:  Amfikan  Jotinuil af  fliyiMofj,  »i,SS,  190A. 

*  nawb:  Joiitu;d  uj  AmtrUan  ChrmUiii  SocUiv,  jj,  42 j,  igit. 

*  If  less  iliau  4  c.c.  of  extract  arc  titcA  the  volume  should  be  made  up  to  4  c.c.  by  ilie 
addition  of  dittilled  water. 

*  .\n  acid  rcnctioo  modiBn  the  rate  of  the  oxygen  evolution.  (See  Hendet  and  lja,ttti' 
vinnh.  Amfiic'in  Jatimiil  ••/  J'liyiiolary,  ii.  85,  igoS.) 

*  InmakioKa  -criMof  comparatit-o  tcsialt  itfMeDti&l  that  the  shaking  proce»thouldbe 
uniform  from  deirrniinaiion  to  determination. 
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M«  a  period  of  two  tninulas  from  5  c.c.  of  ntiUral  hydrogen  ptroxide  by  means  of  i  c.c. 
of  a  1:4  chlofoform^woter  extract  of  the  tissue. 

B.  Experiments  on  Anti-Enzymes 

I.  Preparatioa  of  »n  Bxtnct  of  Anti-Pepeiii.' — Grind  up  a  number  of  iatestinal 
worms  (ascaris)*  with  quartz  sand  in  a  mortar.  Subject  this  mass  to  high  pressure, 
filter  the  resultant  juice  and  treat  it  with  alcohol  until  a  concentration  of  60  per 
cent  is  reached.  If  any  precipitate  forms  it  should  be  filtered  off*  and  alcohol 
added  to  the  liltrate  until  the  concentration  of  alcohol  is  85  per  cent,  or  over.  The 
anti-enzyme  is  precipitated  by  this  concentration.     Permit  this  precipitate  to  stand 


Fig.  I. — Apparatus  for  Qoantitattve  Deterxinatioh  op  Catalase. 


for  twenty-four  hours,  then  filter  it  oS,  wash  it  with  95  per  cent  alcohol,  absolute 
alcohol,  and  ether,  in  turn,  and  finally  dr>'  the  substance  over  sulphuric  acid.  The 
sticky  powder  which  results  may  be  used  in  this  form  or  may  be  di^olved  in  water  as 
desired  and  the  aqueous  solution  used,* 

3.  Demonstration  of  Anti-Pepsin.' — Introduce  into  a  test-tube  a  few  fibrin 
shreds  and  equal  volumes  of  pepsin-hydrochloric  acid*  and  ascaris  extract  made  as 
indicated  above.  Prepare  a  control  tube  in  which  the  ascaris  extract  is  replaced  by 
water.  Place  the  tubes  at  38°C.  Ordinarily  in  one  hour  the  fibrin  in  the  control 
tube  will  be  completely  digested.  The  fibrin  in  the  tube  containing  the  ascaris 
extract  may,  however,  remain  unchanged  for  days,  thus  indicating  the  inhibitory 
influence  exerted  by  the  anti-enzyme  present  in  this  extract. 

'  Anti-gastric-protease  or  a nti-aciii- protease. 
•These  may  be  readily  obtained  from  pigs  at  a  slaughter  house, 

'  This  precipitate  consists  of  impurities,  the  anti-enzyme  not  being  precipitated  until  a 
higher  concentration  of  alcohol  is  reached. 

*  The  original  ascaris  extract  possesses  much  greater  activity  than  either  the  powder  or 
the  aqueous  solution. 

*  Martin  H,  Fischer:  Physiology  of  Alimenlalion.  1907,  p.  IJ4, 

'  Made  by  bringing  0.015  gram  of  pepsin  intu  solution  in  7  c,c.  uf  water  and  0.2^  gram 
ol  concentrated  hydrochloric  acid. 


iS  PHYSIOLOGICAL  CHEinSfsV 

3.  PrapuiHcm  of  ui  Eztimct  of  Anti-Tiyprio.' — Tbo  extract  su;  be  prepered 
from  tba  inteitiiul  wono,  eicarie,  accoidiiic  to  the  directlMU  flreo  oa  pege  17. 

4.  Demonitration  of  Aatl-Tiypnn. — ^bitiDdnce  into  1  test-tulM  ■  few  ihrede 
of  fibrin  Rod  equal  Tohnnes  of  en  ertifldal  tiyptic  •<dutlon*  and  the  ueeiii  eztnd 
made  u  deacribed  on  page  17.  Prepare  a  control  tube  In  whkb  the  aacaiit 
extract  ia  re^aced  by  water.    Place  the  two  tnbea  at  ifl'C. 

Ordinarily  the  fibrin  in  the  control  tube  will  be  completely  digested 
in  two  hours.  The  fibrin  in  the  tube  containing  the  ascaris  extract  may, 
however,  remain  unchanged  for  days,  thus  indicating  the  inhibitory 
influence  of  the  anti-enzyme. 

Blood  serum  also  contains  anti-lrypsin.  This  may  be  demonstrated 
as  follows:  Introduce  equal  volumes  of  serum  and  artificial  tryptic 
solution  (prepared  as  described  above)  into  a  test-tube  and  add  a  few 
shreds  of  fibrin.  Prepare  a  control  tube  containing  boiled  serum.  Place 
the  two  tubes  at  38°C.  It  will  be  observed  that  the  fibrin  in  the  tube 
containing  the  boiled  serum  digests,  whereas  that  in  the  other  tube  does 
not  digest.  The  anti-trypsin  present  in  the  unboiled  serum  has  exerted 
an  inhibitory  influence  upon  the  action  of  the  trypsin. 

C.  Quantitative  J^qdicatitms 

Methods  for  the  quantitative  determination  of  various  enzymes 
will  be  found  in  the  following  chapters:  Am^se  (Chapter  X); 
Erepsin  (Chapter  XI);  Pepsin  (Chapter  VIII);  Trypsin  (.Chapter  X); 
Urease  (Chapter  XXVI). 

>  An  ti-p&ncrea  tic-protease  or  an  ti-a  I  kali-protease. 

■Made  by  dissolving  0.04  gram  of  sodium  carbonate  and  0.015  pram  of  trypsin  in  S 
c.c.  of  water. 


CHAPTER  II 

CABBOHYDRATES 

The  name  carbohydrates  is  given  to  a  class  of  bodies  which  are  an 
especially  prominent  constituent  of  plants  and  which  are  found  also  in 
the  animal  body  either  free  or  as  an  integral  part  of  various  proteins. 
They  are  called  carbohydrates  because  they  contain  the  elements  C,  H 
and  0 ;  the  H  and  O  being  present  in  the  proportion  to  form  water.  The 
term  is  not  strictly  appropriate  inasmuch  as  there  are  bodies,  such  as 
acetic  add,  lactic  acid  and  inositol,  which  have  H  and  0  present  in  the 
proportion  to  form  water,  but  which  are  not  carbohydrates,  and  there 
are  also  true  carbohydrates  which  do  not  have  H  and  0  present  in  this 
proportion,  e.g.,  rhamnose,  CbHuOi. 

Chemically  considered,  the  carbohydrates  are  aldehyde  or  ketone 
derivatives  of  complex  alcohols.  Treated  from  this  standpoint,  the 
aldehyde  derivatives  are  spoken  of  as  aldoses,  and  the  ketone  derivatives 
are  spoken  of  as  ketoses.  The  carbohydrates  are  also  frequently  named 
according  to  the  number  of  oxygen  atoms  present  in  the  molecule,  e.g., 
trioses,  pentoses,  and  hexoses. 

The  more  common  carbohydrates  may  be  classified  as  follows: 

I.  Monosaccharides. 

1.  Pentoses,  CsHioOb. 

{a)  Arabinose. 

(6)  Xylose. 

(c)   Rhamnose  (Methyl-pentose) ,  CbHuOj. 

2.  Hexoses,  CgHuOg. 

(a)  Glucose. 

(b)  Fructose. 

(c)  Galactose. 

II.  Disaccharides,  CigHjsOn. 

1.  Maltose. 

2.  Lactose. 

3.  Iso-Maltose. 

4.  Sucrose. 

III.  Trisaccharides,  CuHjiOn. 
I.  Raffinose. 

19 


20  PHYSIOLOGICAL  CHEMISTEY 

IV.  Polysaccharides,  {CiH,oO().- 

1.  Gum  and  Vegetable  Mucilage  Group. 

(a)  Dextrin. 

(6)  Vegetable  Gums. 

2.  Starch  Groupi 

(a)  Starch. 

(b)  Inulin. 

(c)  Glycogen. 
(rf)  Lichenin. 

3-  Cellulose  Group. 
(a)  Cellulose. 
(6)  Hemicelluloses. 
(i)  Pentosans. 

Gum  Arabic. 
(2)  Hexosans. 
Galactans. 
Agar-agar. 

Each  member  of  the  above  carbohydrate  classes,  except  the  members 
of  the  pentose  group,  may  be  supposed  to  contain  the  group  CgHioOj, 
called  the  saccharide  group.  The  polysaccharides  consist  of  this  group 
alone  taken  a  large  number  of  times,  whereas  the  disaccharides  may  be 
supposed  to  contain  two  such  groups  plus  a  molecule  of  water,  and  the 
monosaccharides  to  contain  one  such  group  plus  a  molecule  of  water. 
Thus,  {CsHioOs)^  =  polysaccharide,  (CflHioOs)2  +  HjO  — ♦  disacchar- 
ide,  CbHjoOs  +  HjO  — » monosaccharide.  In  a  general  way  the  solu- 
bility of  the  carbohydrates  varies  with  the  number  of  saccharide  groups 
present,  the  substances  containing  the  largest  number  of  these  groups 
being  the  least  soluble.  This  means  simply  that,  as  a  class,  the  mono- 
saccharides (hexoses)  are  the  most  soluble  and  the  polysaccharides 
(starches  and  cellulose)  are  the  least  soluble. 

MONOSACCHARIDES 
Hexoses,  CMuOt 

The  hexoses  are  monosaccharides  containing  six  oxygen  atoms  in  a 
molecule.  They  are  the  most  important  of  the  simple  sugars,  and  two 
of  the  principal  hexoses,  glucose  and  fructose,  occur  widely  distributed 
in  plants  and  fruits.  Of  these  two  hexoses,  glucose  results  from  the 
hydrolysis  of  starch,  whereas  both  glucose  and  fructose  are  formed  in 
the  hydrolysis  of  sucrose.  Galactose,  which  with  glucose  results  from 
the  hydrolysis  of  lactose,  is  also  an  important  hexose.  These  three 
hexoses  are  fermentable  by  yeast,  and  yield  levulinic  acid  upon  heating 
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with  dilute  mineral  acids.  They  reduce  metallic  oxides  in  alkaline 
solution,  are  optically  active  and  extremely  soluble,  With  phenyl- 
hydrazine  they  form  characteristic  osazones. 

CHtOH 

GLUCOSE  (CnOH), 

CHO 

Glucose,  also  called  dextrose  or  grape  sugar,  is  present  in  the  blood 
in  small  amount  and  also  occurs  in  traces  in  normal  urine.'  After 
the  ingestion  of  large  amounts  of  sucrose,  lactose  or  glucose,  cauiUng 
the  assimilation  limit  to  be  exceeded,  an  alimentary  glycosuria  may 
arise.  In  diabetes  mellitus  very  large  amounts  of  glucose  are  excreted 
in  the  urine.  The  following  structural  formula  has  been  suggested  by 
\'ictor  Meyer  for  d-glutosc: 

CHO 

H—C— OH 

HO— C— H 

H—C— OH 

H—C— OH 

I 
CHiOH 

(For  further  discussion  of  glucose  see  section  on  Hexoses,  page  20.) 

ExFEBIUEK-rS   ON    GluCOSK 

Tbe  following  tests  are  made  on  glucose  as  a  typical  carbohydrate 
and  are  no/  specific  for  Ihis  sugar.  A  specific  test  for  glucose  is  the 
Pheny [hydrazine  Reaction  (3)  in  the  absence  of  a  po^tive  Resorcinot- 
Hydrochtoric  Acid  Reaction  (sec  page  35). 

1.  Solubility. — Test  the  Rohibility  of  glucose  in  the  "ordinary  solvents"  and 
in  alcoboL  (Id  the  solubility  test  Itirougliout  tbe  book  we  shAlI  designnte  the 
following  sohrents  as  the  "ordinary  solvents;"  H-0;  10  pec  cent  NaCl;  0.5  per 
cent  Ka^Oi;  0.3  per  cent  HCI;  concentrated  KOH;  concentrated  HCl.J 

2.  sr-ffapbttiol  Reaction  (MoUsch). — Place  approsimately  $  cc.  of  concen- 
trated HiSO,  in  a  tevt-tube.  Incline  the  mbe  and  slowly  pour  down  the  inner 
side  of  it  approximately  5  c.c.  of  the  sugar  solution  to  which  2  drops  of  Mo- 
Uscb's  reagent  (a  15  per  cent  alcoholic  colution  of  o-naphthol)  has  been  added, 

t     so  thai  the  sugar  solution  will  not  mis  with  the  acid.    A  reddish-violet  zone 
is  produced  at  the  point  of  contact. 

^^    'Sec  Foliifttest  loi  mjcAr  in  oormal  urine  (J^ur.  Biol.  Clkw.,  13,  jil,i4\^' 
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The  reaction  is  due  to  the  formation  of  furfural,' 

HC— CH 

II      II 
HC     C-CHO, 

\/ 
O 

by  the  acid.  The  test  is  given  by  all  bodies  contaimng  a  carb<^ydrate 
group  and  is  therefore  not  specific  and,  in  consequence,  of  very  little 
practical  importance. 

3.  Phen^ydrazine  Reaction. — -Test  accordiiig  to  one  of  tb»  foQowins 
methods :  (a)  To  a  snail  amount  of  phenylhydnzine  mixture  (enou^  to  fill  tiu 
rounded  portion  of  a  small  test-tube]  furnished  by  tiie  instructor,*  add  5  cc 
of  the  sugar  solution,  shake  well  and  heat  on  a  boiling  water-bath  for  one-half  tc 
three-quarters  of  an  hour.  Allow  the  tube  to  cool  slowly  (not  under  the  tAf) 
and  examine  the  crystals  microscopically  (Plate  in,  opposite). 

If  the  solution  has  become  too  concentrated  in  the  boiling  process  it 
will  be  light  red  in  color  and  no  crystals  will  separate  until  it  is  diluted 
with  water. 

Yellow  crystalline  bodies  called  osazones  are  formed  from  certain 
sugars  under  these  conditions,  in  general  each  individual  sugar  giving 
rise  to  an  osazone  of  a  definite  crystalline  form  which  is  typical  for  that 
sugar.  It  is  important  to  remember  in  this  connection  that  of  the 
simple  sugars  of  interest  in  physiological  chemistry,  glucose  and  fructose 
yield  the  same  osazone.  Each  osazone  has  a  definite  melting-point 
and  as  a  further  and  more  accurate  means  of  identification  it  may  be 
recrystallized  and  identified  by  the  determination  of  its  melting-point 
and  nitrogen  content.  The  reaction  taking  place  in  the  formation  of 
phenyl ghicosa zone  is  as  follows: 


CH2OH 


CHsOH 


CHOH)  a 

1 

CHOH 

/• 

C 

MI 

IjEiIU'SC 

+CeHi\H-XH2-^ 

(CHOH), 
1                +C6H6NH-NHi-> 
CHOH 
1    x-N-NHCoHs+HsO 

C 

\h 

Phcnylhyd  raionc 

Phcnylhydrjiine 

'  .-Xccording  U>  v.  Ekenstein  and  lilanksma  (Bcr.  d.  d.  thrm.  CicscIL,  43,  3358,  iijio), 
oxymethylfurfural  is  futmed. 

-  This  miiture  is  prepared  by  combining  one  part  of  plien>lliydr.izine  bydrochloride  and 
two  parts  of  sodium  atelale  hy  vriglil.     These  arc  llioroueldy  mised  in  a  mortar. 


PLATE  ni. 


OCAZONES. 

Oppw  form,  dc«rowiMne;  rtntrtl  form,  mftltowuone;  IftWM  form.  laciosMonc 


CABB0HYDSATE5  3^ 

CHiOH  CHjOH 

(CHOH),  (CHOH), 

I  +C»H»NH-NH!-»  I 

C=0  C-=N-NHC,Hs+H,0 

I  ^N-NHCsHs+C^iNHi+NHi  ;  *N-NHC»H, 

c  c 

(b)  Place  s  c-c-  o^  ^e  sugsr  solution  in  « test-tube,  add  i  c.c.  of  the  pheayl- 
hydrazine-acettte  sohitioii  furnished  by  the  instructor,  ■  and  heat  on  ■  bollhig 
water-bath  for  one-half  to  three-quarters  of  an  hour.  Allow  the  liquid  to  cool 
slowly  end  examine  the  crystals  microscopically  (Plate  HI,  opposite  p.  aa). 

The  phenyihydrazine  test  has  been  so  modified  by  Cipollina  as  to 
be  of  use  as  a  rapid  clinical  test.  The  directions  for  this  test  are  given 
in  the  next  experiment. 

4.  CipoUna's  TesL — Thoroughly  mix  4  c.c.  of  dextrose  solution,  5  drops  of 
phenyihydrazine  (the  base)  and  K  cc  of  glacial  acetic  acid  in  a  test-tube.  Heat 
the  mixture  for  about  one  minute  over  a  low  flame,  shaking  the  tube  continually  to 
prevent  loss  of  0uid  by  bumping.  Add  4^5  drops  of  sodium  hydroxide  (sp.  gr.  1.16), 
being  certain  that  the  fluid  in  the  test-tube  remains  acid,  heat  the  mixture  again  for 
a  moment  and  then  cool  the  contents  of  the  tube.  Ordinarily  the  crystals  form  at 
once,  especially  if  the  sugar  solution  possesses  a  low  specific  gravity.  If  they  do 
not  appear  immediately  allow  the  tube  to  stand  at  least  10  minutes  before  deciding 
upon  the  absence  of  sugar. 

Examine  the  crystals  under  the  microscope  and  compare  them  with  those  shown 
in  Plate  III,  opposite  page  33. 

5.  Riegler'B  Reaction.* — Introduce  o.i  gram  of  phenylhydrazine-hydrochloride 
and  0.25  gram  of  sodium  acetate  into  a  test-tube,  add  30  drops  of  the  solution  under 
examination  and  heat  the  mixture  to  boiling.  Now  introduce  10  c.c.  of  a  3  per  cent 
soiutioQ  of  potassium  hydroxide  and  gently  shake  the  tube  and  contents.  If  the 
solution  under  examination  contains  dextrose  the  liquid  in  the  tube  will  assume  a 
red  color. 

One  per  cent  dextrose  yields  an  immediate  color,  whereas  0.05  per  cent  yields 
the  color  only  after  the  lapse  of  a  period  of  one-half  hour  from  the  time  the  alkali  is 
added.  In  urinary  eiamirution  if  the  color  appears  after  the  thirty-minute  interval 
the  color  change  is  without  significance,  inasmuch  as  sugar-free  urine  will  respond 
thus.  The  reaction  is  given  by  all  aldehydes  and  therefore  the  test  cannot  be  safely 
employed  in  testing  urines  preserved  by  formaldehyde.  Albumin  does  not  interfere 
irith  the  test. 

6.  Bottu's  Test'— To  S  c.c.  of  Bottu's  reagent'  in  a  test-tube  add  i  c.c,  of  the 

■  This  solution  ia  prepared  by  miiing  one  part  by  lolumt,  in  each  case,  of  glacial  acetic 
acid,  one  part  of  water  and  ti;<i  parts  oi  phenyUiydraiine  (the  base). 

'  RJegKr:   Compl.  rend.  ioc.  hiot.,  fiti,  p.  ;f>5. 

'  Bottu:  Compt.  rend.  sue.  hioi.,  66,  p,  1)72. 

*  Tbia  leacent  ■•<"'»"*  «.^  zrams  ot  <>-iiiLrophenylpropialic  acid  and  5  c.c.  of  a  freihly 
proiaicd  10  per  Cav*  ot  lodium  hydrotide  per  liter. 
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toluiion  under  examination  and  mix  the  Liquids  by  geoilo  »baliiiig.  Now  heal  Uk 
upper  portiun  at  the  mixture  to  boiling,  add  an  ■dditional  t  c.c.  of  the  solution  and 
heat  the  mixture  axnin  tmawdiatcly.  The  appearance  of  a  blue  color  accompanied 
by  the  prc<:i|>ilatiuu  o(  small  paitldes  of  indigo  blue  tndtcnte*  the  picscnce  of  du- 
tnue  in  the  tolution  under  enuniDatioD.  The  tc^t  will  serve  to  detect  the  presence 
of  o.i  per  cent  of  dextrose. 

7.  Precipitation  bj  Alcolul.— To  10  c.e.  of  95  per  cent  alcobol  add  about  i  c.c. 
of  dextrose  solution.  Compare  the  result  with  that  obtained  unilci  Dextrin,  5, 
page  4S 

8.  Iodine  Test— Make  the  regular  iodine  lest  as  gjven  under  Slarcb.  5,  page  45. 
and  keep  this  reuilt  In  mind  for  comparisun  with  the  results  obtained  later  witb 
jitarch  and  with  dextrin. 

0-  IMffosibility  of  Glucose.— Test  the  diffusibilily  of  glucose  solution  through 
animal  membrane  or  peichment  paper,  making  a  dialfjer  bke  one  of  the  models 
shown  in  Fig.  3. 


ilG.    J,— I»1AI,V<ISC  APPASATUB  FOB  SiCDENTS'  UsL. 


A  most  satisfactory  dialyziog  bag  may  be  made  of  collodion  as  follows: 
Pour  a  solution  of  collodion  into  a  clean  dry  Brlenmeyer  flask  or  test-tube. 
While  rotating  the  vessel  on  its  longitudinal  axis,  gradually  pour  out  the  collodion, 
at  the  same  time  being  careful  that  the  interior  surface  of  the  flask  is  completely 
coated  with  tbe  solution.  Continue  the  rotation  in  the  inverted  position  until 
the  collodion  ceases  to  flow.  After  the  solution  has  evaporated  such  that  the 
collodion  skin  on  the  rim  is  dry  and  stlfi,  cut  or  loosen  it  around  the  edge  of  the 
rim.  With  a  pipette  or  wash  bottle  nm  in  a  few  cubic  centimeters  of  water  be- 
tween the  membrane  and  the  wall  of  the  flask  or  test-tube.  Shake  the  inclined 
vessel  while  rotating  on  its  longitudinal  axis,  thus  detaching  the  membrane. 
Now  withdraw  the  detached  bag  and  fill  with  water,  to  determine  whether  or  not 
it  contains  defects. ' 

All  monosacctaarides  and  disaccharidcs  are  dtSuable,  but  many  polysac- 
charides are  not. 

10.  Moore's  Test.— To  a-ji  c.c,  of  sugar  solution  in  a  tcsl-lubc  add  an  equal 
volume  of  cotKcnlratcd  KOH  or  NaOH.  and  boil.  The  solution  darkens  and  finally 
auumcs  a  hrown  rolor.     At.  thi.'t  point  the  odor  of  rnramel  m»y  be  detected, 

This  is  an  exceedingly  crude  test  and  is  of  little  practical  value.  The  alkali 
brings  about  coixlrnxiitioti  and  <Iec(>nipi)Hilion.  The  brown  color  is  due  to  the 
formation  of  condensation  products.  Among  the  decomposition  products  are  the 
potassium  or  sodium  salts  of  certain  organic  acids. 

■  Gir«:  Quoted  by  Ctark.     Biixk  Batl.,  1,  !«&,  ion- 
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XI.  Reduction  Tests. — To  their  aldehyde  or  ketone  structure  many 

sugars  owe  the  property  of  readily  reducing  alkaline  solutions  of  the 

oxides  of  metals  like  copper,  bismuth  and  mercury;  they  also  possess 

the  property  of  reducing  ammoniacal  silver  solutions  with  the  separay^ 

tioQ  of  metallic  silver.    Upon  this  property  of  reduction  the  most 

widely  used  tests  for  sugars  are  based.    When  whitish-blue  cupric 

hydroxide  in  suspension  in  an  alkaline  liquid  is  heated  it  is  converted 

into  insoluble  black  cupric  oxide,  but  if  a  reducing  agent  like  certain 

sugars  be  present  the  cupric  hydroxide  is  reduced  to  insoluble  yellow 

cuprous  hydroxide,  which  in  turn,  on  further  heating,  may  be  converted 

into  brownish-red  or  red  cuprous  oxide.    These  changes  are  indicated 

as  follows: 

OH 

/ 
Cu  --*  Cu  =  04-H,0. 

\  Cupric  oxide 

OH 

CupHc  bydroiide 
(whitith-blue). 

OH 

/ 
Cu 

\ 

OH 

-♦  2Cu-0H+H!0-|-0. 

Cuprous  hydroxidft 
(yellow). 

OH 

/ 
Cu 

\ 
OH 

Cu 
Cu— OH  \ 

I  —  0-|-H,0. 

Cu— OH  / 

Cu 

Cuproui  bydroxide      Cuproui    oxida 
(yellow).  (biownisli-rrd). 

The  chemical  equations  here  discussed  are  exemplified  in  Trommer's 
and  Fehling's  tests. 

(o)  Trommer's  Tesl. — To  5  c.c.  o£  sugar  solution  in  a  test-tube  add  one-half  its 
volume  of  KOH  or  NaOH.  Mix  thoroughly  and  add,  drop  by  drop,  a  very  dilute 
solution  of  copper  sulphate.  Continue  the  addition  until  there  is  a  slight  permanent 
precipitate  oE  cupric  hydroxide  and  in  consequence  the  solution  is  slightly  turbid. 
Heat,  and  the  cupric  hydroxide  is  reduced  to  yellow  cuprous  hydroxide  or  to  brown- 
isb-red  cuprous  oxide. 

If  the  solution  of  copper  sulphate  used  is  loo  strong  a  small  brownish-red  pre- 
cipitate produced  in  a  weak  sugar  solution  may  be  entirely  masked.    On\\\e,  cAN^'n 
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hand,  particularly  in  testing  for  sugar  in  the  urine,  if  too  little  copper  sulphate  is 
used  a  light-coloied  precipitate  formed  by  uric  add  and  purine  bases  may  obscure 
the  browuisb-red  precipitate  of  cuprous  oxide.  The  action  of  KOH  or  NaOH  la  the 
presence  of  an  excess  of  sugar  and  insufficient  copper  wiU  produce  a  brownish  color. 
Phosphates  of  the  alkaline  earths  may  also  be  precipitated  in  the  alkaline  solution 
and  be  mistaken  for  cuprous  hydroxide.    Trommer's  test  is  not  vtxy  satisfactory. 

Salkowski^  has  proposed  a  modification  of  the  Tronuner  procedure  which  he 
claims  is  a  very  accurate  sugar  test. 

(b)  Febling's  Test— To  about  i  c.c.  of  FeUing's  solution*  in  a  tMt-tnba  add 
about  4  C.C.  of  water,  and  boiL'  {The  cupric  hydroxide  is  bold  in  solution  bj  the 
sodium  potassium  tartrate  (Rochelle  salt).]  TOs  is  done  to  detenoiae  whether 
the  solution  will  of  itself  cause  the  formation  of  a  precipitate  of  browniah-red 
cuprous  oxide.  If  such  a  precipitate  forma,  the  Febling's  solution  mtist  not  be 
used.  Add  sugar  solution  to  the  warm  Fehling's  solution  a  few  drops  at  a  lime 
and  heat  the  mixture  after  each  addition.  The  production  of  yellow  cuprous  hy- 
droxide or  brownish-red  cuprous  oxide  indicates  that  reduction  has  taken  place. 
The  yellowish  precipitate  is  more  likely  to  occur  if  the  sugar  solution  ia  added 
rapidly  and  in  large  amount,  whereas  with  a  less  raiud  addition  of  smaller 
amounts  of  sugar  solution  the  brownish-red  precipitate  is  generally  formed. 

This  is  a  much  more  satisfactory  test  than  Trommer's,  but  even  this 
test  is  not  entirely  reliable  when  used  to  detect  sugar  in  the  urine.  Such 
bodies  as  conjugate  glycuronates,  uric  acid,  nucleoprotein  and  homogen- 
lisic  acid  when  present  in  sufficient  amount  may  produce  a  result  simi- 
lar to  that  produced  by  sugar.  Phosphates  of  the  alkaline  earths  may 
be  precipitated  by  the  alkali  of  the  Fehling's  solution  and  in  appearance 
may  be  mistaken  for  cuprous  hydroxide.  Cupric  hydroxide  may  also 
be  reduced  to  cuprous  oxide  and  this  in  turn  be  dissolved  by  creatinine, 
a  normal  urinary  constituent.  This  will  give  the  urine  under  examina- 
tion a  greenish  tinge  and  may  obscure  the  sugar  reaction  even  when  a 
considerable  amount  of  sugar  is  present.  According  to  L^rd,*  even 
small  amounts  of  creatinine  will  retard  the  reaction  velocity  of  reducing 
sugars  with  Fehling's  solution. 

In  testing  urine  preserved  by  chloroform  a.  positive  test  may  be  ob- 
tained in  the  absence  of  sugar.  This  is  due  to  the  fact  that  the  hot 
alkali  produces  formic  acid  (a  reducing  fatty  acid)  from  the  chloroform. 

'  Salkowski:  Ztit.  physiol.  Chem,,  79,  164,  igi2. 

'  Fehling's  solution  is  composed  of  two  detinite  solutions — a  copper  sulphate  solution 
and  an  alLaline  tartrate  solution — which  may  be  prepared  as  follows: 

Copper  iulphale  salulion  =  J4.65  grams  of  copper  sulphate  dissolved  in  water  and  made 
up  lo  ;ooc.c. 

Alkaline  larlrale  •:oliilion  =  i2^  grams  of  potassium  hydroxide  and  173  grams  o£  Rochelle 
5alt  dissolved  in  water  and  made  up  to  500  c.c. 

These  solutions  should  be  preserved  separately  in  rubber- stoppered  bottles  and  miied 
in  equal  volumes  when  needed  for  use.     This  is  done  to  prevent  deterioration. 

'  More  dilute  Fehling's  solution  should  be  used  in  teaCing  very  dilute  sugar  solutions. 
In'casc  of  concentrated  sugar  solutions  it  may  siiitietimes  be  desirable  to  use  a  larger  volume 
of  the  Fehling's  solution, 

'  Laird:  Jiiiirn-it  of  Palholo^y  aiui  Badcriuh'gy,  16,  398,  igi  ;. 
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Ammonium  salts  also  interfere  with  Fch1ing'«  test.  If  present  in 
excess  the  solution  (e.g.,  urine)  should  be  made  alkaline  nnd  boiled  tn 
order  to  decompose  the  ammonium  salts. 

If  the  solution  under  examination  by  Fehting's  test  is  acid  in  re- 
action it  must  be  neutralized  or  made  alkaline  before  applying  the  test. 


W 


(c)  Benedict's  Modifications  of  Fehling's  Test. — First  Modification. — ^Toa  C.c. 
of  Benedict's  solution'  in  a  test-tube  add  6  c.c.  of  distilled  water  and  7  9  drops 
(sot  more)  of  tlie  solution  under  examination.  Boil  tlie  mixture  rigoroiulj  for 
«t>oat  15  30  seconds  and  permit  it  to  cool  to  room  temperature  spontaiwoiid^. 


lit 


If  sugar  is  present  in  the  solution  a  precipitate  will  form  which  is 
often  bluiih-green  or  green  at  lirst,  especially  if  the  percentage  of  sugar  is 
low,  and  which  usually  becomes  yeUomsh  upon  standing.  If  the  sugar 
present  exceeds  0.06  per  cent  this  precipitate  generally  form.^  at  or  below 
the  boiling-point,  whereas  if  less  than  0.06  per  cent  of  sugar  is  present  tiic 
precipitate  forms  more  slowly  and  generally  only  after  the  solution  has 
cooled. 

Benedict  claims  wherea.<i  the  original  Fehling  test  will  not  serve 
to  detect  sugar  when  present  in  a  concentration  of  less  than  0.1  per 
cent,  that  the  above  modification  will  serve  to  detect  sugar  when 
present  In  as  small  quantity  as  0.015-0.02  per  cent.  Corroboration 
of  this  claim  of  increased  delicacy  has  recently  been  submitted  by 
Harrison.' 

The  modified  Fehling  solution  used  in  the  above  lest  differs  from 
le  original  Fehling  solution  in  that  100  gram.s  of  sodium  carbonate  is 
substituted  for  the  135  grams  of  potassium  hydroxide  ordinarily  used, 
thus  forming  a  Fehling  solution  which  is  considerably  less  alkaline 
than  tiie  original.  This  alteration  in  the  comiJosition  of  the  Fclding 
solution  is  of  advantage  in  the  detection  of  sugar  in  (he  urine  inasmuch 
as  tlie  strong  alkalinity  of  the  ordinary  Fehling  solution  has  a  tendency, 
when  the  reagent  is  boiled  with  a  urine  containing  a  small  amount  of 
dextrose,  to  decompose  sufficient  of  ihc  sugar  to  render  the  detection  of 
the  remaining  portion  exceedingly  difficult  by  the  usual  technic.  Bene- 
dict claims  that  for  this  reason  the  use  of  this  modified  solution  permits 
the  detection  of  much  smaller  amounts  of  sugar  than  does  the  usm  of  the 
ordinarily  Fehling  solution. 

'  Bcnrdlct's  modifinl  KrhlinK  lolutiou  cutisi&ls  <i(  two  ilcljnilc  aululions— a  cupptt  lul- 
phtt*  Mlution  and  >a  atkulicc  lortnte  solutiuD,  which  m»y  be  prepared  ixs  followi: 

C«ffirr  SMlphalt  loiulutn  =  n.&i  gnmsof  copper  lulphnle  ifioolved  In  waleraiid  nude 
up  to  500  c.c. 

Ali^line  laHratt  idfutron— 100  grams  ol  suhydrou*  soiitin  carhanatt  and  17J  srama  Of 
Kochrlle  lalt  dimnlvcd  in  wnter  and  mode  up  to  coo  c.c 

Tbetc  tolulinns  th'JUld  be  nrM«TV*d  ««jparal«ly  in  nibbfr-doppf  r«d  botllc«  »nd  mixed 
In  cquAl  vohiian  whf  o  ncnlecf  (or  «w.    'nil*  n  done  10  prt vent  deterioration 


^H     'tfa 


*  Hunion:  Pliaiat.  Jovr.,  &;,  746.  191 1. 


S«c«nd  ModificBtioii.'— Benedict  has  further  modified  his  solutian  and 
succeeded  in  obtaining  one  which  does  not  detetionie  upon  long  staodioj 
The  (oUowiog  is  the  procedure  for  the  detection  ot  glucose  in  solution :  To  s  CSj 
of  the  romgenlin  a  test-tube  add  8  mot  more:  drops  of  the  solution  under  visa 
inatjon.  Boil  (lie  mixtuie  vigorously  (or  from  one  lo  two  minutes  and  then  alli 
the  fluid  to  cool  spontaneously.  In  the  presence  of  dextrose  the  entire  bodj 
the  solution  will  be  filled  with  a  precipitate,  which  may  be  red,  yellow  or  greea 
color,  depending  upon  the  amount  of  sugar  present.  If  no  glucose  is  present, 
solution  will  remain  perfectly  clear.  (It  urine  is  being  tested,  it  may  show  a 
faint  turbidity,  due  to  precipitated  urates.) 

Even  very  small  quantities  of  glucose  (o.  t  per  cent)  yield  precipi 
of  surprising  bulk  with  this  reagent,  and  the  positive  reaction  for  gluci 
J3  the  tilling  of  tJie  entire  body  of  the  solution  with  a  precipitate,  so 
the  solution  liecomcs  opaque.    Since  amouHt  rather  than  color  of  tl! 
precipitate  is  made  the  basis  of  this  test,  il  may  be  applied  even  for  tJ 
detection  of  small  quantities  of  glucgsc,  as  readily  in  artificial  light  as 
daylight.     ClUoroform  does  not  interfere  with  this  test  nor  do  uric  aX 
or  creatinine  interfere  to  such  an  extent  as  in  the  case  of  Fehling's  tea 

Mercuric  Oxide  ReductioD  Test  (Cr«iner).' — This  test  depends  j 
the  reduction  of  mercuric  oxide  in  a  weakly  alkaline  solution,  with  d 
formation  of  metallic  mercury.     The  degree  of  alkalinity  is  an  import" 
factor,  a.s  the  test  becomes  more  sensitive  but  less  specilic  the  greai 
the  alkalinity  of  the  reagent. 

For  the  detection  of  reducing  sugar  in  aqueous  solution  proceed  as  fo 
Introduce  s  c.c.  of  Cramer's  "3.5  reagent"  into  a  test-tube'  and  beat  to  boil 
The  solution  remains  clear,  but  turns  slightly  yellow.     Add  3  c.c.  of  the 
solution  and  again  heat  lo  boiling.     Remove  the  tube  from  the  flame  and  ndl 
that  the  mixture  becomes  turbid,  darkens,  and  that  on  standing  a  precip"' 
of  finely  divided  mercury  settles  to  the  bottom  of  the  tube. 

'  Iknirdict;  Jour.  Am.  M<4.  Ati'ii.  ^:.  ngj.  igu. 

'  Benedict'}  nrw  wluliu^  has  iliv  lollnwnig  composition: 

Coppec  sulphate  .                         . .    ,  17.3  grams. 

Sodium  cittaic >73-o  grans. 

Sodium  carboiuktc  (auliydroui) lOo.o  grams. 

tHitillcd  n-ftter  to  make  r  liter. 

With  the  aid  of  bctat  diuolvc  the  imliuiii  citrate  and  carbonate  in  about  600  CC  of  * 
I'our  (IhtuuKh  H  fuidnl  (ill«r  paiKT  il  necciury}  Into  ngbnaxtaduate  and  make  tip  toSsoC 
DiuvlvT  Uic  coppiT  sulphate  111  about  too  c.c.  of  water  and  make  up  to  150  c.c.  Pour  t 
carbonalc-dirjitciiniuucininlna  large  beaker  or  CBMcroIe  and  oitd  T he  copper  tulpbatcwl 
lion  tliiwly,  with  cooslHot  ttlrring.  The  mined  solution  b  ready  for  use  and  does  not  di|' 
rioralr  upon  lon^  alaadiag, 

■  Ciiuncr:  Bweh.  Jsur.,  9.  156,  1915. 

•  Cramer'*  ■'  3.^  Reagent. "—0.4  gram  mercuric  oxide  (red  or  yellow)  and  6  sram«  1 
imua  iodide  are  djMolved  in  too  c.c-  water.    This  Mlution  b  weakly  alkaline.    The  ■■ 
lisity  must  cow  be  adjusted  so  that  10  c.c.  of  ihc  reascDt  ore  neulroli/cd  by  z.j  c.c 
N/io  ncid,  uring  phcaolpbtholcin  as  indicator.    Thi>  Is  dono  by  lilrullnx  10  cc. 
renKCDt  nilb  N/io  add  and.  after  the  alkalinity  of  the  icaicect  has  lliui  been  deter 
adding  the  requisite  amount  of  N'/io  odd  or  alkali  to  ihe  bulk  of  the  reagent.    The  1 
i(  a  clear  colorlets  wlution  which  turn*  slightly  yellow  00  hcmiiiif  and  becomes  1 
aS"ia  on  cuulini;.    It  must  remain  clear  oo  boQmit. 
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This  test  is  po&itivc  with  such  sugars  as  give  other  reduction  tests, 
e.g.,  glucose,  fructose,  lactose,  maltose,  arabiiiose,  etc  If  the  reducing 
sugar  be  present  in  aqueous  solution  a  slight  reduction  may  be  obtained 
with  I  mg.  of  glucose.  If  the  reagent  be  made  strongly  alkaline,  it 
ceases  to  be  spedtic  for  reducing  sugars  and  chemically  allied  sub- 
stances  and  is  reduced  by  other  organic  substances,  e.g.,  creatinine. 

It  is  claimed  that  this  test  is  free  from  fallades  inherent  in  Fchling's 

t  a£  Ibe  result  of  the  rcdudng  action  of  uric  acid  and  creatinine. 

The  test  is  more  sensitive  th.an  the  J'ehling's  or  Nylander's  reac- 
tions, and  is  particularly  suitable  for  the  examination  of  urines  in  which 
the  amount  of  sugar  present  exceeds  tlie  normal  amount  only  slightly. 

(r)  BitmHimedMiioHTtsHBocHfer).— to  sec.  otiMgatiolution  in  n  IckI-IuIm 
add  I  c.c.  ol  KOH  or  NaOH  And  a  wry  small  iimouiil  of  bismuth  subnitiatc,  and 
boil.  The  solution  will  (radually  darken  and  finally  assume  a  hlmk  ci>lor  due  lo 
reduced  tnamuth.  If  the  lest  is  nude  un  urine  containing  albumin  this  must  be 
removed,  by  boiling  nnd  filtering,  before  applying  the  lest,  since  iiriih  albumin  a 
similar  change  of  color  is  produced  (bismuth  sulphide). 

(f)  Bismuth  Seduction  Test  I  Nylander'i .—  To  5  c.c.  of  sugar  solution  in  a  test- 
tube  add  one-tenth  its  volume  of  Hylander's  reagent'  and  heat  for  five  minutes 
in  a  boiling  water-bath.'  The  solution  will  darken  if  reducing  sugar  is  present, 
and  upon  standing  for  a  few  moments  a  black  color  will  appear. 

This  color  is  due  to  llic  precipitation  of  bismuth.  If  the  test  is  made 
on  urine  containing  albumin  this  must  be  removed,  by  boiling  and 
filtering,  before  applying  the  test,  since  with  albumin  a  similar  change  of 
color  h  produced.  Glucose  when  pri'Scnt  to  the  extent  of  0.08  per  cent 
may  be  easily  detected  by  this  reaction  f  Rabc*  claims  that  o.oi  per  cent 
sugar  may  be  so  detected).  Uric  add  and  creatinine  which  interfere 
with  the  Fehling's  test  do  not  interfere  with  the  Nylandcr  test.  It 
is  claimed  by  Bediold  that  the  bismuth  reduction  tests  give  a  nega- 
tive reaction  with  solutions  containing  sugar  when  mercuric  chloride  or 
chloroform  is  present.  Other  observers'  have  failed  lo  verify  the 
inhibitory  action  of  mercuric  chloride  and  have  shown  that  the  in- 
hibitory influence  of  chloroform  may  be  overcome  by  rai.sing  the  tem- 
perature of  the  urine  to  the  boiling-point  for  a  period  of  five  minutes 
previous  lo  making  the  test.  Urines  rich  in  htdican.  urochromf,  urotry- 
thrm  othanata porphyrin,  as  well  as  urines  excreted  after  the  ingestion  of 
large  amounts  of  certain  mediciiml  substances,  may  give  a  darkening  of 

'Nylaiulct'trtaEent  ispri-parcdb.vdiicntin^  leramaof  bismuth  iiuliallrsleaiid4gnun* 
of  Rochcllr  Ball  in  100  c.c,  of  a  10  ptr  cent  pouujum  hyiltojricie  solutiun.  The  f«*|[cnt  a 
then  caolpt)  and  fi!te(c<i,  - 

*  fUnniunicR  tu]titt«ts  that  ihc  miituie  should  be  boiled  1-5  tninut«s  (arcurding  to  the 
■ngAT  cimUBi)  over  a  free  Uame  and  the  lube  then  permitted  to  stand  5  miaui(«  bcfoup 
dtawinx  concluaiiMii. 

•Rahe:  Ap^ai.  Zig..  tg.  554,  1014- 

*RchfitM  and  Hauk:  Jattinat  of  Biologital  Ckemhtry;  7,  >fr7.  i«w;  *l*o  Zeidlitx: 
Vftala  L«ll4rtf«r4ii  Fork.,  N.  1^.,  ii,  1906, 
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Nylander's  reagent  similar  to  that  of  a  true  sugar  reaction.  It  h  a  dis- 
puted iwitit  whether  the  urine  after  the  admini»tratJon  of  urotropin 
will  reduce  Xylander's  reagent.'  Strausz*  has  recently  shown  that  the 
urine  of  diabetics  to  whom  "lothion"  (diiodohydroxypropane)  ha* 
been  administered  will  give  a  nt^gativc  N'ylander-Almfn  reaction  and 
respond  positively  to  the  Fehling  and  polariscopic  tests.  "lothion" 
also  interferes  with  the  Nylandcr-Abntn  test  in  vitro  whereas  KI  and 
I  do  not. 

According  to  Ruslin  and  Otto,  the  addition  of  PtCU  increases  th 
delicacy  of  Nylander-Almin  reaction.    They  claim  that  this  procedure 
causes  the  sugar  to  be  converted  qttantHaliveJy.    No  quantitadvi 
method  has  yet  been  devised,  however,  based  upon  this  principle. 

Bohraansson*  before  testing  the  urine  under  examination  treats' 
it  (lo  c.c.)  with  }.{,  volume  of  35  per  cent  hydrochloric  add  and  about 
J$  volume  of  bontblack.     This  mixture  is  shaken  one  minute,  thcii^ri 
filtered  and  the  neutralized  liltratc  tested  by  Nylander-Almfn  reaction.^ 
Bohmans^n  claims  thai  this  procedure  removes  certain  intcrfcrl 
substances,  in  particular  urochrome. 

A  posili\-c  bismulh  reduction  test  is  probably  due  to  the  foHowui; 

reactions : 

(«)  Bi(OH)iX0»  +  KOH-'Bi(0H),  +  KNO,. 
(A)  3Bi(OH),-30-*Bi,  +  3H,0. 


t 

t3^ 
icrin^^ 


^K).  BttfiMA'i  Test.— Plac«  about  5  c.c.  of  Barfoed's  solution*  in  a  test-tube 
and  beat  to  bolHiig.  Add  glucose  Bolulioa  sJowly,  n  few  drops  at  a  (ime,  heating 
after  each  addition.  Reduction  is  indicated  by  tbo  formation  of  a  red  precipitate 
of  cuprous  oxide.  If  the  precipitate  does  not  form  upon  continued  boiling  allow 
the  tube  to  stand  a  few  ininutes  and  examine. 

According  to  Welker*  chlorides  interfere  pronouncedly  with  ihe^ 
reaction  causing  the  formation  of  a  green  precipitate.  ^| 

Barfoed's  test  is  not  a  specific  test  for  glucose  as  is  frequently  stated, 
but  simply  serves  to  detect  monosaccharides.    Disaccharidcs  will  alao^^ 
respond  to  the  test,  under  proper  conditions  of  acidity.'    Also  if  tha^| 
sugar  solution  is  boiled  sufficiently  long,  in  contact  with  the  reagent,  to 
hydrolyxe  the  disiiccharide  through  the  action  of  the  acetic  acid  present] 
in  the  Barfoed's  solution  a  positive  test  results.'     Barfoed's  is  a  coppef  J 

'  .\bt:  Attkitts  af  Pidinlrici,  14,  175,  ido?;  alio  Wcitbrecht:  S<hudi.  Wecludir.,  4' 

S7t.  "909- 

'  StrausE:  Munch,  nnf.  11  ock.,  50>S5,  igii. 
'  BohmiuuMa:  Biothcm.ZcU.,  19,  p.  i3i. 

*  Barfoed's  solution  IK  pirpaicd  »«  follows:  Dif»olvc4'S  grama «1  seuti*!  crvstalliicd 
copper  acetate  in  too  c.c.  of  wmci  and  add  i.i  c.c.  of  50  per  cent  actde  acid,  lltia  aohi- 
tion  should  be  freshly  nude 

*Wdke(:  Jan*.  AiH.CIutH.  Sot,  SJ.  3in,  iQtS- 

*  Mathews  and  McCuijt&n:  Am.Jotir.Physiot.,  ig,  i;j.  1007. 
'Hinkle  and  Siicrmun;  Jour.  Am   Cktm.  Soc..  ;9,-i744,  1907. 
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reduction  Ust,  but  cliiTvrs  from  Ft-hUng's  and  other  reduction  tests  in 
that  the  reduction  is  brought  about  in  an  acid  solution.  It  is  unsuited 
for  the  detection  of  sugar  in  urine. 

I  a.  F«rment«tlOD  Test. — "Rub  up"  in  a  mortsr  about  ao  c.c.  of  the  sugar  solu- 
tion with  K  smaJ]  piece  of  compressed  yea&L  Transfer  the  mixture  to  a  siacctiv- 
oiBfltar  (Bbown  in  Fig.  3)  and  stand  it  aside  in  a  warm  place  for  about  twelve 
houn.  If  the  sugar  is  fermentable,  alcoholic  feimentation  will  occur  and  carbon 
dioxide  will  collect  as  a  gas  in  the  upper  portion  of  the  tube  (sec  Pig.  4), 
On  the  coropletioa  of  fermentation  introduce  a  little  potassium  hydroxide  solu- 
tion into  the  graduated  portion  by  means  of  a  bent  pipette,  place  the  thumb 
lightly  OTer  the  opening  in  the  apparatus  and  invert  the  saccharometer.  Re- 
membering that  KOU  has  the  power  to  absorb 
COt  how  do  you  explain  the  result?' 

13.  Formation  of  Caram^— (lently  heat  a 
small  amount  o(  pulverized  dextrose  in  a  test-tube. 
.After  the  xugur  litu  melteil  and  turoMl  brown,  allow 
the  tube  to  cool,  add  water  and  warm.  The  color- 
ing matter  produced  is  kiiuwn  as  caramel. 


FlO.  3, — ElMIUK-N  Sacciiakohetkr. 


Via.  4. — Illvstratimc  DtmaEKT  Staocs 
m  FsajffiNTATioK. 


14.  Demonstration  of  Optical  Activity.  -A  demonstration  of  the  use  of  the 
polariscope,  by  the  instructor,  each  student  being  required  to  take  readings  and 
compute  the  "spedfic  rotatjon." 


Use  of  the  Polariscope 

For  a  detailed  description  of  the  different  forms  of  polarlscopcs,  the 
method  of  manipulation  and  the  primiplcs  involved,  the  student  is 
referred  to  any  standard  text-hook  of  physics.  A  brief  description  fol- 
lows:   An  ordinary  ray  of  light  vibral«s  in  every  direction.     If  such  a 

'  The  6iMliaf>  oC  Keuberg  and  ohtocJatu'  indicate  that  the  libcniilon  o(  carbon  di- 
oode  by  yeast  i*ni>t  ncce«*arily  ;i<ritrriun  of  the  presence  o(  sugar.  The  pretence  of 
an  cnjsytnc  called  MrW)>lai«  hii  been  demoiutralcd  in  ycnst  which  ht»  the  power  of 
■plitlinjc  ofl  CO,  (torn  the  catboxyl  group  of  amino- snd  other  aliphatic  acids. 

'Neubergand.^»ocUtes,  Hiacbrm.  ZcUi<li.,y,  170;  31,1131  36,(.6o,M.,iSl,\i»\\. 
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ray  is  caused  to  pass  through  a  "polaijang"  Nicol  prism  it  is  resolved 
into  ttca  rays,  one  of  which  vibrates  in  every  direction  as  before  and  s> 
second  ray  which  vibrates  in  one  plant  only.    This  latter  ray  is  said  to 
be  polarized.    Many  organic  substances  (sugar,  proteins,  etc.)  have  the 
power  of  twisting  or  rotating  t}iis  plane  of  polarized  light,  the  extent  to 
whidi  the  plane  is  rotated  depending  upon  the  number  of  molecules 
ndiidt  the  polarized  light  passes.     Substances  which  posses  this  power 
&resaid  to  be  "optically  active."    The  specific  rolation  of  a  substance  is 
the  rotation  expressed  in  degrees  which  is  alTorded  by  i  gram  of  sub- 


Fio.  J.— One  Kosm  or  L«rRENT  Poi.*biscom:. 

B,  Microtcopc  foe  reading  the  tait;  C.  a  vernier;  £.  position  of  ihe  analyiinc  i^'Ko\  prism; 
//.  polaritiiig  Ni«o1  prism  in  the  tube  below  tlu«  paint. 

Stance  dissolved  in  i  c.c.  of  water  in  a  tube  on«  decimeter  in  length. 
The  specific  rotation,  (oi)i»  may  be  calculated  by  means  of  the  following 
formula: 

in  which 

(;  =  &odiura  light. 

or  =  observed  rotation  in  degrees. 

p  =  grams  of  substance  dissolved  in  i  c.c,  of  liquid. 

/  =  length  of  the  tube  in  decimeters. 

If  the  specific  rotation  has  been  determined  and  it  is  desired  to  ascer- 
tain the  per  cent  of  the  substance  in  solution,  this  may  be  obtained  by 
the  use  of  the  following  formula, 


P  = 


(«)«"' 


The  value  of  p  multiplied  by  too  will  be  the  percentage  of  the  sub- 
stance in  solution. 
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SPECIFIC  ROTATIOXS  OF  MORE  COMMOX  CARBOHYDRATES' 


i-dhaoK 

t-XykM 
Ilkuaaose. 


+  i»-5" 

-  «» -3' 

+  M.»' 

+  lO-o* 
+    9.o' 


Sucrow. . 
Lactose. . . 
Moltote  - . 
Ral&aost . 

Dextrin 

Starch  (foluble). 
Glycogen. . . . 


+104 -o* 
+  ig6.o* 


An  instrument  by  means  o{  which  the  cxtont  of  the  rotation  may  be 
<ieternuned  is  called  a  polariscope  or  potarimeter.  Such  an  instni- 
aeat  designed  especially  for  the  examination  of  sugar  solutions  is 
tinned  a  saccharimtter  or  polariting  safcharimekr.  The  form  of  polari- 
scope in  Fig.  5.  page  32,  consists  essentially  of  a  long  barrel  provided 
with  a  \icol  prism  at  either  end  (Fig.  6,).  The  solution  under  exami- 
nation is  contained  in  a  tube  which  is  placed  between  these  two  prisms. 


I  s 


3 


t. — DiACRAUUATic  RxPsurmAno.s  at  the  Coi'iuk  »r  the  Light  raaoccB  tkb 
Laitksxt  Polaxiscopb.    (Thcdirrciionii  reverted  from  that oiFle,  s,p,  31.} 

a,  Bidiroraate  i>Iftte  to  purity  tb«  lij;ht;  ft,  ih«  polarising  Nicol  priuni  e,  a  ituQ  quart! 
lie  cok-crin^  one-Kali  the  ticid  and  cuentinl  in  producing  a  tecond  polariied  planei  4, 
*- !  to  (.iiDtaiB  the  liquid  undei  vxacni nation;  t,  ibc  analy^ng  Nlcul  pmmi  /  and  (,  oculot 


the  front  end  (A  the  instrument  is  an  adjusting  eyepiece  for  focusing 

,d  a  large  recording  disc  which  registers  in  degrees  and  fractions  of  a 

legree.     The  light  is  admitted  into  the  far  end  of  the  instrument  and  is 

ilarized  by  passing  through  a  Nicol  prism.    Tliis  pohirized  ray  then 

iverses  the  column  of  liquid  within  the  tube  mentioned  above  and 

the  substance  is  optically  active  the  plane  of  the  polarized  ray  is 

rotated  to  the  right  or  left.     Bodies  rotating  the  ray  to  the  right  are 

called  dextro-rotatory  and  those  rotating  it  to  the  left  levo-rotatory. 

Within  the  apparatus  is  a  diic  which  is  so  arranged  as  to  be  without 
tines  and  uniformly  light  at  zero.  Upou  placing  the  optically  active 
[  substance  in  position,  however,  the  plane  of  polarized  light  is  rotated 
^■r  turned  and  it  is  necessary  to  rotate  the  disc  through  a  certain  number 
^^  degree  in  order  to  secure  the  normal  conditions,  i.e.,  "without  lines 

'The  qiccific  rotntiod  varies  with  the  temperature  and  r.onccal ration  of  the  solution. 
Til*  figuic*  bete  given  are  for  coQcentrtttiaas  of  about  lo  per  coil  and  temperaluiei  of  about 
m'C  Fretti  ftolutiocH  nM/givc  markedly  diSercnl  values  due  to  mutarotaUna.l^f^t«^ 
ben  given  reprMcnting  the  conatant  values  obtained  on  ftandinj;. 
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and  uniformly  light."    The  (U0cn-nce  between  this  reading  and  the 
zero  is  a  or  the  obsen'ed  rotation  in  degrees. 

Polarizing  sacchariraetcrs  are  also  constructed  by  whidi  Ihe  per- 
centage of  sugar  in  solution  i»  determined  by  making  an  obser\'ation 
and  multiplying  the  value  of  each  divi^on  on  a  horizontal  sliding  scale 
by  the  \'ulue  of  the  division  expressed  in  terms  of  dentrose.  This 
factor  may  vary  according  to  the  instrument. 


FlO.  7.— PctABISOOra  (S<IIUIi:I  AMI  nXsiCU  MODtL). 

"Optical"  methods  embracing  the  determination  of  the  optical 
activity  are  being  utilized  in  recent  y&irs  in  many  "quantitative" 
connections.' 

CH,OH 

PRDCTOSE  (CHOH), 

i 

CO 


CHjOII 

■  AMrrhkMcii  and  SrhinM(:"Dc(cnniniitionof  blnoil  oonicni  l>y  meuwot  Lhco(>tical 
nelhod,"  Ztil.  pkyiitJ.  Ciifm,,  66.  no.  1910;  alio  C.  Xcub^rn:  " Uetcrmiiulioii  of  Duddc 
Kid  cleavage  \>y  polaritation,''  Biothrmii^lit  Zrilukrift,  jo,  505,  1911. 
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As  already  stated,  fructose,  sometimes  called  levulose  or  fruit  sugu, 
occurs  widely  disseminated  tliruughout  the  plant  kingdom  in  company 
with  glucose.  Its  reducing  jKiwer  h  somewhat  weaker  than  that  of 
dextrose.  Fructose  does  not  ordinarily  occur  in  tJie  urine  in  diabetes 
luellitus,  but  has  been  found  in  exceptional  cases.  With  phenylhydra- 
zine  it  fonns  the  same  osii^one  as  glucose.  With  mcth>ljdicnylhy- 
drazine,  levulose  forms  a  characteristic  methylphcnylfructosazone. 

(For  a  fiurther  discussion  of  fructose  see  the  section  on  Hcxoscs, 
page  20.) 

Experiments  on  Fructose 

1-6.  Scpaat  Solubility,  Fcttling'K,  Phecylhydrazine,  Burfoed's,  Nylasder's, 
and  Fennentatlon  tests  as  given  under  Glucose,  pages  it-ji. 

7.  Resorciool-HTdTOchloric  Acid  Reaction  (Seliwanoff).-  To  5  c.c.  of  Seli- 
waaofi's  re«{eflt'  Id  a  test-tube  sdd  a  few  drops  of  b  fructose  solution  and  beat  the 
mixture  to  boiling.  A  positive  reaction  is  indicated  by  the  production  of  a  red 
color  and  the  separation  of  a  brown-red  precipitate-  The  latter  may  be  |^olved 
in  alcohol  to  which  it  will  impart  a  striking  red  color. 

If  the  boiling  be  prolonged  a  similar  reaction  may  be  obtained  with 
solutions  of  glucose  or  maltose.  This  has  been  explained'  in  the  case 
of  glucose  as  due  to  the  transformation  of  the  glucose  into  fructose 
by  the  catalytic  action  of  the  hydrochloric  acid.  'iTic  precautions  neces- 
sary for  a  positive  test  for  levulose  are  as  follows:  The  concentration 
of  the  hydrochloric  acid  must  not  be  more  than  1 2  per  cent.  The  reac- 
tion (red  color)  and  the  prcdpitalc  must  be  observed  after  not  more 
than  J0-30  seconds  boiling.  Glucose  must  not  be  present  in  amounts 
exceeding  2  per  cent.  The  precipitate  must  be  soluble  in  alcohol  with 
a  bright  red  color. 

8.  BoTchardf  s  Reaction.— To  about  s  c.c.  of  a  solution  of  fructose  in  a  tMt* 
tube  add  un  e<|ual  volume  ol  3$  jier  cent  hydrochloric  add  and  a  few  crystals  of 
rciorrinol,  Heal  to  boiling  and  after  the  production  of  a  red  color,  cool  the  tube 
under  runmiig  water  and  transfer  to  an  evaporating  dish  or  beaker.  Make  the 
mixture  slightly  alkaline  with  solid  potassiiim  hydroxide,  return  it  to  a  tctt-tube, 
add  j-3  c.c.  of  acetic  ciher  and  shake  the  tube  vigorously.  In  the  presence  of 
levulo»,  the  acetic  ether  h  colored  yellow.  (For  further  dixcuNMon  of  the  test  sec 
Chapter  XXin.) 

9.  Formation  of  Methylphenylfructosazoae.— To  a  solution  of  1.8  ginms  of 
le^-ulosc  in  10  c,c.  of  water  add  4  grams*  of  methylphcnylhydraziDe  and  enough 
alcohol  to  clarify  ihe  Kilution.  Introduce  4  c.c.  of  50  per  cent  acetic  acid  and  heat 
the  mixiure  tor  j-10  minutes  on  n  boiling  water-bath.'    On  standing  1$  niinuics 

'  ScBirsiiaiS'*  rvagcni  may  be  prcpartd  by  dbsolving  o.oj  i^ram  of  re^iorciool  in  100  c.c. 
of  dihile  (1 :  7)  hydnchbiic  acid. 

•Koenig»feM:  i»J«A.  ZtU.,  38,  311,  191*. 


*  3.M  gtatnn  if  absolutely  pure. 
'  L.oiigtT  beating  U  to  be  avaide<f. 
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at  room  temperature,  crystallization  begins  and  is  complete  ia  two  hours.  By 
scratching  the  sides  of  the  flask  or  by  inoculation,  the  solution  quickly  congeals  to 
form  a  thick  paste  of  reddish-yellow  silky  needles.  These  are  the  crystals  of  itwAky^ 
phenylfrmtosasoTie.  They  may  be  recrystallized  from  hot  95  per  cent  alcohol  and 
melt  at  iS3°C. 

CH,OH 

GALACTOSE,  (CHOH), 

I 
CHO 

Galactose  occurs  with  glucose  as  one  of  the  products  of  the  hydro- 
lysis of  lactose.  It  is  dextro-rotatory,  forms  an  osazone  with  phenyl- 
hydrazine  and  ferments  slowly  with  yeast.  Upon  oxidation  with  nitric 
acid  galactose  yields  mucic  acid,  thus  differentiating  this  monosac- 
charide from  glucose  and  fructose.  Lactose  also  yields  mucic  acid 
under  these  conditions.  The  mucic  acid  test  may  be  used  in  urine 
examination  to  differentiate  lactose  and  galactose  from  other  reducing 
sugars. 

Experiments  on  Galactose 

I.  Phloroglucinol-Hydrochloric  Acid  Reaction  (Tollens). — ^To  equal  volumes  of 
galactose  solution  and  hydrochloric  acid  (sp.  gr.  1.09)  add  a  little  phloro^ucinol, 
and  heat  the  mixture  on  a  boiling  water -bath.  Galactose,  pentose  and  ^ycuronic 
acid  wiU  be  indicated  by  the  appearance  of  a  red  color.  Galactose  may  be 
differentiated  from  the  two  latter  substances  in  that  its  solutions  exUbit  no 
absorption  bands  upon  spectroscopical  examination. 

3.  Mucic  Acid  Test.— Treat  100  c.c.  of  the  solution  containing  galactose  with 
20  c.c.  of  concentrated  nitric  acid  (sp.gr.  1.4)  and  evaporate  the  mixture ina  broad, 
shallow  glass  vessel  on  a  boiling  water-bath  until  the  volume  of  the  miztuie  has 
been  reduced  to  about  20  c.c.  At  this  point  the  fluid  should  be  clear,  and  a  fine 
white  precipitate  of  mucic  acid  should  form. 

If  the  percentage  of  galactose  present  is  low  it  may  be  necessary  to 
cool  the  solution  and  permit  it  to  stand  for  some  time  before  the 
precipitate  will  form.  It  is  impossible  to  differentiate  between  galactose 
and  lactose  by  this  test,  but  tlie  reaction  serves  to  differentiate  these 
two  sugars  from  all  other  reducing  sugars.  Differentiate  lactose  from 
galactose  by  means  of  Barfoed's  test  (page  30). 

3.  Phenylhydrazine  Reaction. — Make  the  test  according  to  directions  ^veo 
under  Glucose,  3  or  4,  pages  22  and  23. 

Pentoses,  CsHioOe 

In  plants,  and  more  particularly  in  certain  gums,  very  complex  car- 
bohydrates, called  pentosans  (see  page  50),  occur.     These  pentosans 
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through  hydrolysis  by  acids  may  be  Iransformcd  into  pentoses.  Pento- 
ses do  not  ordinarily  occur  in  the  animat  organism,  but  have  been  found 
in  the  urine  of  morphine  habitufs  and  others,  their  occurrence  some- 
times being  a  persistent  condition  without  known  caus«.  They  may  be 
obtained  from  the  hydrolysis  of  nuflcoprotcins  being  present  in  the 
nucleic  add  complex  of  the  molecule.  Pentoses  are  non -fermentable, 
have  strong  reducing  power  and  form  osazoncs  with  phenylhj'draanc. 
Pentoses  arc  an  important  constituent  of  the  dietary  of  herbivorous 
animals.  Glycogen  is  said  to  be  formed  after  the  ingestion  of  these 
sugars  containing  five  oxygen  atoms.  This,  however,  has  not  been 
conclusively  proven.  On  distillation  with  strong  hydrochloric  add 
pentoses  and  pentosans  yield  furfurol,  whicli  can  be  detected  by  its 
characteristic  red  reaction  with  aniline-acetate  paper. 

CHtOH 

ARABINOSE.  (CHOH), 

CHO 

Arabinose  is  one  of  the  most  important  of  the  pentoses.  The 
rabinosc  may  be  obtained  from  gum  arable,  plum  or  cherry  gum  by 
bciUng  for  lo  minutes  with  concentrated  hydrochloric  add.  This 
pentose  h  dextro-rotatory,  forms  an  osazone  and  has  reducing  power, 
but  does  not  ferment,  The  j-arabinosc  lias  been  isolated  from  the 
urine  and  yields  an  osazone  which  mclLs  at  i66''-i68''C. 


EXPERIUENTS  ON  ArABIXOSC 

I.  Ordnol-Hydrochloric  Acid  Reaction  (Bial).'—Tosc.e.of  Rial's reagent*in 
a  test-tul>e  add  3-3  c.c.  of  the  arabinost  solution  and  h«at  the  mixture  gently  until 
the  first  bubbles  rise  to  the  surface.  Immediately  or  upon  cooling  the  solution 
becomes  gieen  and  a  flocculent  precipitate  of  the  same  color  may  form.  (For 
further  discussion  see  Chapter  XXIII. ^  The  test  may  also  be  performed  by 
adding  the  pentose  (o  the  hot  reagent. 

It  is  claimed  that  this  test  is  more  delicate  than  the  original  orcinol 
ttest  (sec  3)  and  more  accurate,  since  menthol,  kreosotal,  etc.,  respond 
'to  the  original  orcinol  test  but  not   to  Dial's.     Sachs'  has  oflered 

suggestions  as  to  modilication  of  the  test  in  order  to  avoid  confusioil 

with  glycurooic  acid. 

*  Bial:  Otul.  mrd.  Week.,  28,  >$>,  loai,  aod  Btrl.  klia.  Wott.,  No.  iS,  1903. 
*Orcin61 . .  i-s  gram 

Ftaminx  no — s^ograms 

Fcrrtcchloridc{iopcf<«ai}  10-30  drops. 

*  Sacb*:  Bi^i.  Ztil.,  i,  383,  1946,  and  i.  145,  1906. 
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3.  Pfaloro^udnol-BTdrochlcnic  Add  Reactioa  (Tollsiu]. — ^To  aqtulTobmiMaf 
arabittOBC  ndutlon  and  hydFocUoric  add  {ap.  gr.  i.oq)  add  a  Utde  pUoroflndiiol 
and  beat  tilie  mixture  on  a  btnUng  water-batii.  GalactOM,  pontoae  or  gijiaiiuiiic 
add  irill  be  Indicated  by  Hit  appearance  of  a  red  color.  To  differentiate  betmen 
these  bodies  make  a  spectroscoidc  eiamlnation  and  look  for  ttie  abwuptloa  band 
between  D  and  E  given  by  pentoaea  and  gtycuroolc  add.  Differentiate  between 
the  two  latter  bodies  by  the  mebing-poittta  of  flidr  oaazonea. 

Compare  the  reaction  with  that  obtained  with  galactose  (page  36). 

3.  Ordnol  Test — Repeat  2,  using  orcinol  instead  of  phlorogludnol.  A  snc* 
cession  of  colors  from  red  througti  reddish  blue  to  green  13  produced.  A  green  pre- 
dpitate  is  formed  which  b  soluble  in  amyl  alcohol  and  has  absorption  bands  be- 
tween C  and  D. 

4.  Phenylhydrazine  Reaction.~Make  this  test  on  &e  araUnoae  solution 
according  to  directions  given  under  Glucose,  3  or  4,  pages  22  and  aj. 

CHiOH 
XYLOSE,  (CHOH)i 

CHO 

Xylose,  or  wood  sugar,  is  obtained  by  boiling  wood  gums  with  dilute 
acids  as  explained  under  Arabinose,  page  37.  It  is  dextro-rotatory, 
forms  an  osazone  and  has  reducing  power,  but  does  not  ferment. 

Experiments  on  Xylose 
1-4.  Same  as  for  arabinose  (see  above). 

RHAMHOSE,  C»HiiO( 

Rhamnose  or  methyl-pentose  is  an  example  of  a  true  carbohydrate 
which  does  not  have  the  H  and  O  atoms  present  in  the  proportion  to 
form  water.  Its  formula  is  CgHuOs.  It  has  been  found  that  rham- 
nose when  ingested  by  rabbits  or  hens  has  a  positive  influence  upon  the 
formation  of  glycogen  in  those  organisms. 

DISACCHARIDES,  CuHhOu 

The  disaccharides  as  a  class  may  be  divided  into  two  rather  dis- 
tinct groups.  ITie  first  group  would  include  those  disaccharides  which 
are  found  in  nature  as  such,  e.g.,  sucrose  and  lactose,  and  the  second 
group  would  include  those  disaccharides  formed  in  the  hydrolysis  of 
more  complex  carbohydrates,  e.g.,  maltose  and  iso-maltose. 

The  disaccharides  have  the  general  formula  CuHjjOn,  to  which, 
in  the  process  of  hydrolysis,  a  molecule  of  water  is  added  cau^ng  the 
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single  disacdiaride  molecule  to  split  into  two  monosacdiaride  (liexose) 
molecules.  The  products  of  the  hydrolysis  of  Abe  more  common  di- 
saccharides  are  as  follows: 

Maltose  =  glucose+glucose. 
Lactose= glucose -|- galactose. 
■    Sucrose  =  gIucose+ fructose. 

All  of  the  more  common  disaccharides  except  sucrose  have  the  power 
of  reducing  certain  metallic  oxides  in  alkaline  solution,  notably  those 
of  copper  and  bismuth.  This  reducing  power  is  due  to  the  presence 
of  the  aldehyde  group  ( — CHO)  in  the  sugar  molecule. 

MALTOSE,  CHmOii 

Maltose  or  malt  sugar  is  formed  in  the  hydrolysis  of  starch  through 
the  action  of  an  enzyme,  vegetable  amylase  (diastase),  contained  in  grout- 
ing barley  or  malt.  Certain  enzymes  tn  the  saliva  and  in  the  pancreatic 
juice  may  also  cause  a  similar  hydrolysis.  Maltose  is  also  an  intermedi- 
ate product  of  the  action  of  dilute  mineral  adds  upon  starch.  It  is 
strongly  dextro-rotatory,  reduces  metallic  oxides  in  alkaline  solution 
and  is  fermentable  by  yeast  after  being  inverted  (see  Polysaccharides, 
page  43)  by  the  enzyme  mallase  of  the  yeast.  In  common  with  the  other 
disaccharides,  maltose  may  be  hydrolyzed  with  the  formation  of  two 
molecules  of  monosaccharide.  In  this  instance  the  products  are  two 
molecules  of  glucose.  With  phenylhydrazine  maltose  forms  an  osa- 
zone,  mallosazone.  The  following  formula  represents  the  probable 
structure  of  maltose: 

CH2OH  CHO 


CHOH 

CHOH 

CHO 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH 

1 

C       C CHs 

\ 
H 

Maltose. 

Experiments  on  Maltose 

i-^  SepMt  Solubility,  Febling's,  Nylander's,  Phenylhydrazme,  Bsrfoed's 
•nd  Fermentation  tests  as  given  under  Glucose,  pages  31-31, 
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ISO-MALTOSE,  CnHttOn 
■ 
Iso-maltose,  an  isomeric  form  of  maltose,  is  formed,  along  with  mal- 
tose by  the  actioB  of  diastase  upon  starch  paste,  and  also  by  the  action 
of  hydrochloTic  acid  upon  glucose.  It  also  occurs  with  maltose  as  one 
of  the  products  of  salivary  digestion.  It  is  dextro-rotatory  and  with 
phenylhydrazine  gives  an  osazone  which  is  characteristic.  Iso-maltose 
is  very  soluble  and  reduces  the  oxides  of  bismuth  and  copper  in  alkaline 
solution.     Pure  iso-maltose  is  probably  only  slightly  fermentable. 

LACTOSE,  ChHmOii 

Lactose  or  milk  sugar  occurs  ordinarily  only  in  milk,  but  has  often 
been  found  in  the  urine  of  women  during  pregnancy  and  lactation.  It 
may  also  occur  in  the  urine  of  normal  persons  after  the  ingestion  of 
unusually  large  amounts  of  lactose  in  the  food.  It  has  a  strong  reducing 
power,  is  dextro-rotatory  and  forms  an  osazone  with  phenylhydrazine. 
Upon  hydrolysis  lactose  yields  one  molecule  of  glucose  and  one  molecule 
of  galactose. 

In  the  souring  of  milk  the  bacterium  lacHs  and  certain  other  micro- 
organisms bring  about  lactic  acid  fermentation  by  transforming  the  lac- 
tose of  the  milk  into  lactic  acid, 

H    OH 
H— C— C— COOH, 

H    H 

and  alcohol.  This  same  reaction  may  occur  in  the  alimentary  canal  as 
the  result  of  the  action  of  putrefactive  bacteria.  In  the  preparation 
of  kephyr  and  koumyss  the  lactose  of  the  milk  undergoes  alcoholic 
fermentation,  through  the  action  of  ferments  other  than  yeast,  and  at 
the  same  time  lactic  acid  is  produced.  Lactose  and  galactose  yield 
muck  acid  on  oxidation  with  nitric  acid.  This  fact  is  made  use  of  in 
urine  analysis  to  facilitate  the  differentiation  of  these  sugars  from  other 
reducing  sugars. 

Lactose  is  tioi  fermentable  by  pure  yeast. 

Experiments  on  Lactose 

1-6.  Repeat  Solubility,  Fehling's,  Phenylhydrazine,  Barfoed's,  Nylander's 
and  Fennentation  tests  as  given  under  Glucose,  pages  ai-31. 

7.  Mucic  Acid  Test. — Treat  100  c.c.  of  the  solution  containing  lactose  with 
20  c.c.  of  concentrated  nitric  acid  (sp.  gi.  1.4)  and  evaporate  the  mixture  in  1 
broad,  shallow  glass  vessel  on  a  boiling  watei-bath,  until  the  Totume  of  the  mix- 
ture has  been  reduced  to  about  20  c.c.  At  this  point  the  6uid  should  be  clear, 
and  a  fine  white  precipitate  of  mucic  acid  should  fonn. 
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If  the  percentage  of  lactose  present  is  low  it  may  be  necessary  to 
cool  the  solution  and  permit  it  to  stand  for  some  time  before  the 
precipitate  will  appear.  It  is  impossible  to  differentiate  between  lactose 
and  galactose  by  this  test,  but  the  reaction  serves  to  differentiate  these 
two  sugars  from  all  other  reducing  sugars. 

Differentiate  lactose  from  galactose  by  means  of  Barfoed's  test, 
page  30. 

SOCROSE,  ChHjjOu 

Sucrose,  also  called  saccharose  or  cane  sugar,  is  one  of  the  most 
important  of  the  sugars  and  occurs  very  extensively  distributed  in 
plants,  particularly  in  the  sugar  cane,  sugar  beet,  sugar  millet  and  in 
certain  palms  and  maples. 

Sucrose  is  dextro-rotatory  and  upon  hydrolysis,  as  before  mentioned, 
the  molecule  of  sucrose  takes  on  a  molecule  of  water  and  breaks  down 
into  two  molecules  of  monosaccharide.  The  monosaccharides  formed  in 
this  instance  are  glucose  and  fructose.     This  is  the  reaction; 

CijHa,0„+H,0-»C,HiiO,-l-CgH,iO,. 

SacTOie  Glucotte  Pnictoae 

This  process  is  called  inversion  and  may  be  produced  by  bacteria,  en- 
zymes, and  certain  weak  acids.  After  this  inversion  the  previously 
strongly  dextro-rotatory  solution  becomes  levo-rotatory.  This  is  due 
to  the  fact  that  the  fructose  molecule  is  more  strongly  levo-rotatory 
than  the  glucose  molecule  is  dextro-rotatory.  The  product  of  this 
inversion  is  called  invert  sugar. 

Sucrose  does  not  reduce  metallic  oxides  in  alkaline  solution  and  forms 
no  osazone  with  phenylhydrazine.  It  is  not  fermentable  directly  by 
yeast,  but  must  first  be  inverted  by  the  enzyme  sucrose  {itti'crlase  or 
invertin)  contained  in  the  yeast.  The  probable  structure  of  sucrose 
may  be  represented  by  the  following  formula.  Note  the  absence  of 
any  free  ketone  or  aldehyde  group, 

CHjOH  CHjOH 

CHOH  CHO 


CHO 

CHOH 

CHOH 

CHOH 

CHOH 

C 

C 

s 

H 

0 

CHsOH 

SucroK, 
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EXPBSniBNTS  OK  SuCROSE 

j-^.  RepMt  S<rfu1>ii>tT,  Pehling'a,  HyUndcr's,  Barfocd'x,  Pheajttfaydranac 
■Dd  Fennmutknt  tests  according  to  tb«  dutctioiu  given  under  Glucose,  pages 
ai-31, 

7.  Inversion  of  Sucrose--  To  35  cc  of  sucrose  solution  in  a  beaker  add  5 
drops  of  concentrated  HtSOt  and  boil  one  minute.  Cool  the  solution  and  render 
neutral  with  saturated  barium  hydroxide.  Filter  off  the  predpitate  of  baiium 
sulphate  and  upon  the  resulting  fluid  repeat  the  phenylhydrazlne,  Pehling, 
nylander's  and  Barfoed's  reactions  as  given  under  Glucose,  pp.  36, 19  and  30;  , 
(he  Revorcinol-Rydrochloric  Acid  Reaction  (Seliwanoffj,  as  given  under  Fruc^S 
tose,  page  35.     Explain  the  results.  V 

8.  Alcoholic  Fermentation.— Preparo  500  cc  of  a  coacontrated  (10 -»o  per 
cenij  solution  of  sucrose,  add  a  small  amount  of  egx  albumin  or  commercial 

peptone  and  introduce  the  mixture  into  a  liter  flask- 
Add  yeast,  and  by  means  of  a  bent  tube  connect  this 
flask  wiOi  a  second  flssk  containing  a  solution  of 
barium  hydroxide  protected  from  the  air  by  a  soda- 
lime  tube  in  the  stopper.  Place  the  flasks  in  a 
warm  place  and  note  the  passage  of  gas  bubbles 
into  the  barium  hydroxide  solution.  As  these  gat 
bubbles  (CO;)  enter,  a  white  precipitate  of  batiua 
carbonate  will  form.  The  sucrase  has  been  changed 
to  glucose  and  fructose  and  these  sugars  have  been 
fermented  according  to  the  following  equation : 

Fio.8.-roi>oroE«.<^-iwWA0  C3,*r-'iCfl,0H+C0, 

When  the  activity  of  yeast  has  practically  ceased,  connect  the  fermentation 
flask  with  a  condenser  and  distil  the  mixture-  Catch  the  first  portion  of  the  dis- 
tillate separately  and  test  (or  alcohol  by  one  of  the  following  reactions; 

(a)  Iodoform  Test.— Render  3-3  cc.  of  the  distillate  alkaline  wtih  potassium 
hydroxide  solution  and  add  a  few  drops  of  iodine  solution.  Heat  gently  and  note 
the  formation  of  iodoform  crystals.  Examine  these  crystals  under  the  microscope 
and  compare  them  with  those  in  Fig.  8. 

lb/  Aldehyde  Test.  Place  5  cc.  of  the  distillate  in  a  test-tube,  add  a  few 
dropa  of  potassium  dichromate  solution,  K-CfrOi,  and  render  il  acid  with  dilute 
sulphuric  acid.  Boil  the  acid  solution  and  note  the  odor  of  aldehyde  changing 
to  that  of  acetic  acid. 


TRISACCHARIDES,  C,sH„0,« 


BAFFIN  OSE 


i 


This  Irisaccharide.also  called  melitosc,or  mclitriosc  occurs  in  cotton 
seed,  Australian  manna,  and  in  the  molasses  from  the  preparation  of 
beet  sugar.  It  i.s  de.\tro- rotatory,  does  not  reduce  Fehling's  solution, 
and  is  only  partly  ffnnentablc  by  yeast. 

Raffinose  may  be  faydrolyzed  by  weak  adds  the  same  as 
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saccharides  are  hydrolyzcd,  the  products  being  fructose  and  melibiose; 
further  hydrolysis  of  the  melibiose  yields  glucose  and  galactose. 


I 


POLYSACCHARIDES,  (C<HioO|>. 

In  general  the  polysaccharides  are  amorphous  bodies,  a  few,  how- 
ever, arc  crj'stallizablc.  Through  the  action  of  certain  enzymes  or 
weak  acids  the  polysaccharides  may  be  hydrol>-zed  with  the  formation 
of  monosaccharides.  As  a  class  the  polysaccharides  arc  quite  insoluble 
and  are  non- fermentable  until  inverted.  By  inversion  is  meant  the 
hydrolysis  of  disaccharidv  or  polysaccharide  sugars  to  form  monosacchar* 
ides,  as  indicated  in  the  fotlon-ing  equations: 

(a)  C„H„0, 1  +H,0-a  (C,H„0,). 

(ft)  C^.oOi+H,0-»Cai„0,. 


STARCH,  (CHidO.s). 

Starch  is  widely  distributed  tliroughout  the  vegetable  kingdom, 
occuriing  in  grains,  fruits,  and  tubers.  It  occurs  in  granular  form,  the 
microscopical  appearance  being  typical  for  each  individual  starch, 
e  granules,  which  differ  in  size  according  to  the  source,  are  composed 
alternating  cunccntric  rings  of  granulosc  and  cellulose.  Ordinary 
rch  is  insoluble  in  cold  water,  but  if  boiled  with  water  the  cell  waits 
ruptured  and  stareh  paste  results.  In  general  starch  gives  a  blue 
with  iodine. 

itarch  is  acted  upon  by  amylases,  e.g.,  salivary  amylase  (piyalin) 
pancreatic  amylase  (amyhpsin),  with  the  formation  of  soluble 
starch,  erythro-dextrin,  achroo-dcxlritts  and  maltose  (sec  Salivary  Diges- 
tion, page  56).  Maltose  is  the  prinripal  end-product  of  this  enzyme 
action.  Upon  boiling  a  starch  solution  with  a  dilute  mineral  add  a 
series  of  similar  bodies  is  formed,  but  under  these  conditions  glucose 
is  the  principal  end-product. 

Soluble  starch  may  be  prepared  by  the  action  of  dilute  hydro- 
loric  acid  on  ordinary  starch  for  several  weeks,  or  at  higher  tem- 
peratures for  a  shorter  period.  By  precipitation  with  alcohol  this  may 
be  obtained  in  a  dry  form  readily  soluble  in  cold  water.' 

Experiments  on  Stahch 

I.  Preparation  of  Potato  Starch. — Pare  a  law  potato,  comminute  it  upon  a  fine 
(raler,  mix  with  water,  and  "whip  up"  the  pulped  material  vigorously  before 
straining  it  tlirough  cheese  cloth  or  gauze  to  lemove  the  coarse  particles.     The 

■  Fecnbadi:  Pmcttdinti  M  Int.  Cong.  Appi.  Cktm  ,  ij,  131,  tgia. 
Cliafiin:  Jmr,  Ind.  and  Eng.  Clitm.,  Q,  649,  1914. 


^^ai 


Fio.  la.— Rvt. 


I'll*.  15. — UircKWiiLAT.  Flo.  Kt.^.Miiii*.. 


I  


^1 


Flo.  18.— Pea. 


Pre.  19- — WiicAT. 


Staicii  GxANtiLEs  mou  Variods  Sodickb.    {Ufmonn  ani  Btam^ 
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starch  rapidly  settles  to  the  bottom  and  can  be  washed  by  repealed  decantation. 
Allow  the  compact  mass  of  starch  to  drain  thoroughly  and  spread  it  out  on  a  watch 
glass  to  dry  in  the  air.  If  so  desired  this  preparation  may  be  used  in  the  expert- 
ments  which  follow. 

2.  Microscopical  Examination.--  Em  mine  microscopically  the  granules  of  the 
various  Marches  submitted  and  compare  them  with  those  shown  in  Figs.  9-10, 
page  44.  The  suspension  of  the  granules  in  a  drop  of  water  will  facilitate  the 
microKDpical  ezu  mi  nation. 

3.  Solubility.  -Try  the  solubility  of  one  form  of  starch  in  each  of  the  ordinary 
solvents  (see  page  11).  If  uncerlain  regarding  the  solubility  in  any  reagent, 
filter  and  test  the  filtrate  with  iodine  solution  as  given  under  5  below.  The  pro- 
duction of  a  blue  color  would  indicate  that  the  starch  had  been  dissolved  by  the 

Ivent. 

4.  Iodine  Test.  —Place  a  few  granules  of  starch  in  one  of  the  depressions  of  a 
porcelain  teat-tablet  nnd  treat  with  a  drop  of  a  dilute  solution  of  iodine  in  potas- 
sium iodide-  The  granules  are  colored  blue  due  to  the  formation  of  so-called 
Iodide  of  starch.  The  cellulose  of  the  granule  is  not  stained  as  may  be  seen  by 
examining  microscopically. 

5.  Iodine  Test  on  Starch  Paste.'— Repeat  the  iodine  test  using  the  starch 
paste.  Place  1  3  c.c.  of  starch  paste'  in  a  test-tube,  add  a  drop  of  the  dilute 
iodine  solution  and  observe  the  production  of  a  blue  color.  Heat  the  tube  and 
note  the  disappearance  of  the  color.    It  reappears  on  cooling. 

In  similar  tests  note  the  influence  of  alcohol  and  of  alkali  upon  the  so-called 
iodide  of  starch. 

The  composition  of  the  Iodide  of  starch  is  not  definitely  known.  In  per- 
forming this  test  the  solution  must  always  be  neutral  or  acid  in  reaction. 

6.  Fehling's  Test. — On  starch  paste  (see  page  a6). 

7.  Hydrolysis  of  Starch.  Place  about  35  c.c.  of  starch  paste  in  a  small 
beaker,  add  10  drops  of  concentrated  HCI,  and  boil.  By  means  of  a  small  pipette, 
at  the  end  of  each  minute,  remove  a  drop  of  the  solution  to  the  test -tablet  and 
make  the  regular  iodine  test.  As  the  testing  proceeds  the  blue  color  should 
gradually  fade  and  finally  disappear.  At  this  point,  after  cooling  and  neutralii- 
ing  with  solid  KOH,  Fehling's  test  (see  page  261  should  give  u  positive  result 
due  to  the  formation  of  a  reducing  sugar  from  the  starch.  Make  the  phenyl- 
hydrazine  test  upon  some  of  the  hydrotyzed  starch.  What  sugar  bas  been 
formed? 

8.  Influence  of  Tannic  Add. — Add  un  excess  of  lunuic  acid  solution  to  a.  small 
amnunt  ot  Mftrch  paatc  in  a  tcst-tubt.  The  liquid  will  become  strongly  opaque 
and  ordinarily  a  yellowiih- while  precipiialc  is  t>ro(luceil.  Compiire  this  re*ull  with 
the  result  of  Ihc  umilar  cjcpcrimcnt  on  dextrin  (page  4$). 

9.  Oiflnslbitlty  of  Starch  Paste. ^Teii  the  dilluiibility  of  »larcli  paste  through 
animal  membrane,  parchmcni  pnpcr  or  collodion,  making  a  rtialyAcr  like  one  of  (he 
raodets  shown  in  Fig.  i,  page  24. 


'  FrtfiariilioK  tf  SUfti  Posit. — Urind  1  gram*  ol  tlorch  pamleriii  a  morlac  with  n  unult 
amoant  of  cold  water.  Bring  roo  re.  of  water  lo  the  boiling-point  and  odd  thci,t>iri:h  mix. 
lure  from  the  moitar  with  coniinuoui  stlrrlnc.  Briiis  aRaiii  to  the  boillnic-poini  and  allow 
it  to  cool.  Thb  make*  an  approxinute  i  per  cent  staccb  pa«te  which  i>  a  very  imtiifactar)' 
aintnith  (or  general  ute. 

*  For  ihti  particular  ic»t  a  March  p«»lc  of  •my  mtisfactory  strength  may  be  m»d«  \n 
miiiftt  tec. oia  t  petcentitarcbpaMewith  looc.c.of  water. 
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IHUUH,  (CtHioO,). 

Inulin  is  a  polysaccharide  which  may  be  obtained  as  a  white,  odor- 
less, tasteless  powder  from  the  tubers  of  the  artichoke,  elecampane,  or 
dahlia.  It  has  also  been  prepared  from  the  roots  of  chicory,  dandelion, 
and  burdock.  It  is  very  slightly  st^uble  in  cold  water  and  quite  easily 
soluble  in  hot  water.  In  cold  alcohol  of  60  per  cent  or  over  it  is  prac- 
tically insoluble.  Inulin  gives  a  negative  reaction  with  iodine  solution. 
TTie  "ydlow"  color  reaction  with  iodine  mentioned  in  many  books  is 
doubtless  merely  tlie  normal  color  of  tJie  iodine  solution.  It  is  very 
difficult  to  prepare  inulin  which  does  not  reduce  Fehling's  solutioa 
slightly.  Tliis  reducing  power  may  he  due  to  an  impurity.  Prac* 
tically  all  commercial  preparations  of  tnutin  possess  considerable 
reducing  power. 

Inulin  is  levo-rotatory  and  upon  hydrolysis  by  acids  or  by  th^ 
enzyme  inulaie  it  yields  the  monosaccharide  fructose  which  readily 
reduces  Fehling's  solution.  'ITie  ordinary  amylolytic  enz>'mes  occur^B 
ring  in  the  animal  body  do  not  digest  inulin.  A  small  part  of  thtf" 
ingested  inulin  may  be  hydrolyzed  by  the  acid  gastric  juice,  but  Lewis' 
'  has  recently  shown  that  "  the  value  of  inulin  as  a  significant  source  of 
energy  in  human  dietaries  must  be  questioned." 


EXPEHIMEKJS   ON   InULD* 

t.  Solubility. — Try  the  solubility  of  inulin  powder  in  hot  and  cold  water 
alcohol.  If  uac«rtain  f agarding  the  solubility  in  any  reagent,  filler  and  neutralize 
the  filtrate  if  it  Is  alkaline  in  reaction.  Add  a  drop  of  concentrated  hydrochloric 
acid  to  the  filtrate  and  boil  it  for  one  minute.  Render  the  solution  nvutral  or 
slightly  alkaline  with  solid  potassium  hydroxide  and  try  Fehling's  test.  What 
is  the  significance  of  a  positive  Fehling's  test  in  this  connection? 

3.  Iodine  Test.  -  (ai  Place  j-j  c.c.  o(  the  inulin  solution  in  a  test-tube  and 
add  a  drop  of  dilute  iodine  solution.     What  do  you  observe? 

(b)  Place  s  small  amount  of  inulin  powder  In  one  of  the  depressions  of  a  teat- 
tablet  and  add  a  drop  of  dilute  iodine  solution.  Is  the  effect  any  different  from 
that  observed  above? 

J.  Molisch's  Reaction. — Repeat  this  lest  according  to  directions  given  under 
Glucose,  3,  page  31. 

4.  Fehling's  Test.— Make  this  test  on  the  inulin  solution  according  10 
instructions  given  under  Glucose,  page  26.    Is  there  any  reduction?' 

5.  Hydrolysis  of  Inulin.  Place  5  c.c.  of  inulin  solution  in  a  test-tube,  add  a 
drop  of  concentrated  hydrochloric  add  and  boil  it  tor  one  minute.  Now  cool 
the  solution,  neutralize  tt  with  concentrated  KOH  and  test  the  reducing  action 
of  I  c.c.  of  the  solution  upon  i  c.c.  of  diluted  (1:4)  Fehling's  solution.    Alio 


der 


'I.ewie:  Journal  Amricjti  Mfiiciil  Aii'n.,  jS,  117C,  igit. 
'  Sec  lilt:  di«cu*>ion  o(  Ihc  propertirs  of  inulin,  above. 
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tiy  the  R««occiiM>l-Hydrocbloric  Add  rMction  as  given  on  p.  ^s-    Bzplaln  ih« 
nsulL> 


GLTCOGEN,  (C«HiuO*), 
(For  discussion  and  expetim«nU.sec  MuscularTissue.  Chapter XIX.) 

UCHENIK.  (CgHioOs) 

Lichenin  may  be  obtained  from  Cetraria  islandica  (Iceland  moss). 
It  forms  a  difGcultly  soluble  jelly  in  cold  water  and  an  opalescent  solu- 
tion in  hot  water.  It  is  optically  inactive  and  gives  no  color  with 
iodine.  Upon  hydrolysis  with  dilute  mineral  acids  lichenin  yields  dex- 
trins  and  glucose.  It  is  said  to  be  most  nearly  related  chemically  to 
sUrd).  Saliva,  pancreatic  juice,  malt  diastase  and  gastric  juice  have 
^  DO  noticeable  action  on  lichenin. 

H  DEXTRIN,   '^CalliuOt), 

[^       The  dextrins  are  tlie  bodies  formed  midway  in  the  stages  of  the 

hydrolysis  of  starch  by  weak  acitU  or  an  enzyme.     'ITiey  are  amorphous 

I      bodies  which  are  easily  soluble  in  water,  acids,  and  alkolts,  but  are  in- 

I      soluble  in  alcohol  or  ether.     Dextrins  arc  dextro-rotatory  and  are  not 

fermentable  by  yeast. 

The  dextrins  may  be  hydrolyzed  by  dilute  acids  to  form  glucose 
and  by  amylases  to  form  maltose.  With  iodine  one  form  of  dextrin 
(crjthro-dcxtrin)  gives  a  red  color.  Their  power  to  reduce  Fehling's 
solution  is  questioned.  The  lower  members  of  the  dextrin  scries  prob- 
ably reduce. 

(Experiments  on  Dextrin 
c 


i^ 


1.  Solut>Uily. — Test  the  solubility  of  pulveriicd  dextrin  in  hot  and  cold  water, 
cxtrin  forma  a  clear  solution  in  hot  water,  distinguishing  it  from  glycogen  which 

pvts  ao  opalescent  solution. 

2.  Iodine  Test.  -Place  a  drop  of  dextrin  solution  in  one  of  the  depressions 
the  test-tablet  and  add  a  dilute  solution  of  iodine  in  potassium  Iodide.    A  red 

color  results  due  to  the  formation  of  the  red  iodide  of  dextrin.  Ordinary  dextrin 
preparaliODS  contain  some  starch  and  in  the  presence  of  starch  it  is  necessary  to 
hlTe  an  excess  of  iodine  jicesent.  If  the  reaction  is  not  sullicienUy  pronounced 
nuke  a  stronger  solution  from  pulverized  dextrin  and  repeat  the  test.  The 
solution  should  be  slightly  acid  to  secure  the  best  results. 

Make  proper  tests  to  show  that  the  red  iodide  of  dextrin  is  influenced  by 

*  If  lli<laulinulgtkinj(iivcn  positive  Fcblinamt  in  the  IhfI  I'lpcriiiuTit  it  will  bcricccs- 
auyU check  lbch}rdrol>->UcxpcrimeDl  *» follows:  To  set.  ol  ilii  iimliii  loluliouin  it  (tit- 
tnlK  add  one  Atop  of  oonceatlotcd  hydrochloric  acid,  neutralize  with  concentrated  KOH 
totaiioaaad  mt  thu  reducing  action  of  i  cc.  of  thcrcsuliinK  Folutioit  upon  i  c.c.  of  diluted 
<l  :4)  Fehling't  Mlulion.  TBix  will  tha*  thpnornml  rtduiiui;  power  of  ibciiiulln  dilution. 
In  case  the  iBnlia  ms  h)-difllyic(l,  ihe  FrhlinK'^  test  in  the  fivdrolyib  eipptiment  ihuuld 

!  observed  in  the  cm 


L 


*  norc  pronounced  rcduclicn  ili.tn  thnt  observed  in  the  catcV,  cxpennvcnV. 
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heat,  alkali,  and  alcohol  in  a  similar  manner  lo  Ihe  blue  iodide  of  aurch  (see 
P«Se  45*- 

Tbe  color  in  the  case  of  dextrin  does  not  reappear  as  readily  on  cooling  u 
in  the  case  of  starch. 

3.  Fehling'e  Teflt.-^ee  if  the  dextrin  solution  will  reduce  FehUng's  solatioik 

4.  Hydrolysis  of  Dextrin. — Tain  35  c.c.  of  dextrin  solutioa  in  a  small  beake^ 
add  5  drops  of  dilute  hydrochloric  acid,  and  boil.  By  means  of  a  small  pjpett«, 
at  the  end  of  each  minute,  remove  a  drop  of  the  solution  to  one  of  the  depressiooi 
of  the  test-tablet  and  make  the  iodine  test.  The  power  of  Ihe  solution  to  product 
a  color  with  iodine  should  rapidly  disapfwar.  When  a  negative  reaction  is  ob- 
tained cool  the  solution  and  neutraliie  it  with  concentrated  potassium  hydroxide. 
Try  FehUng's  test  (see  page  361.  This  reaction  is  now  strongly  positive,  due  to 
the  formation  of  a  reducing  sugar.  Determine  the  nature  of  the  sugar  by  means 
of  the  phenylhydrazine  test  (see  pages  32  and  33). 

5.  Precipitation  by  AkohoL^To  about  50  c.c  of  95  per  cent  akofaol  in  a  small 
beaker  add  about  10  c.c  of  a  concentrated  dextrin  solution.  Dextrin  is  thrown 
out  of  solution  as  a  gummy  white  precipitate.  Compare  Ihe  result  with  that 
obtained  under  Glucose,  7,  page  34. 

6.  Influence  of  Tannic  Acid. — .\dd  an  excess  of  laouic  acid  Mlution  to  a 
sninil  Amnuiit  of  dcxlriti  solutioa  in  a  test-tube.  No  prcdpiiate  fornu.  This 
result  differs  from  the  result  of  the  umilar  experiment  upon  starch  (sec  Starch,  8, 
JMge  45)- 

7.  Diffusibility  of  Dextrin. — (Sco  Starch,  9,  page  45.) 

K  CELLOLOSE,  (CaiioOi,), 

This  complex  potysacchuride  form*  a  large  portion  of  the  cell  wall 
of  plants.     It  19  extremely  insoluble  and  its  molecule  is  much  more  com- 
plex than  the  starch  molecule,     The  best  quality  of  filter  paper 
the  ordinary  absorbent  cotton  are  good  types  of  cellulose. 

At  one  time  there  was  but  a  single  known  solvent  for  cellulose. 
Recent  investigation  has,  however,  revealed  a  long  list  of  cellulose 
solvents.     (Sec  Experiment  7.) 

Cellulose  is  not  hydrolyzed  by  boiling  with  dilute  mineral  acids.  It 
may  be  hydrolyzcd,  however,  by  treating  with  concentrated  sulphuric 
acid  then  subsequently  diluting  the  ^lution  with  water  and  boiling. 
The  product  of  this  hydrolysis  is  glucose. 

There  is  some  difference  of  opinion  as  to  the  exact  extent  to  which 
cellulose  is  utilized  in  the  animal  organism.  It  is  no  doubt,  more  cflS- 
cieiitty  utilized  by  herbivora  than  by  cartiivoraor  by  man.  It  is  claimed 
that  about  25  per  cent  may  be  utilized  by  herbivora,  less  than  5  per  cent 
by  dogs  whereas  the  quantity  utilized  by  man  is  "  too  small  for  it  to  play 
a  lAlc  of  importance  in  the  diet  of  a  normal  individual.'"  In  neither 
man  nor  the  lower  animals  has  there  been  demonstrated  any  formatioa 

'  Swarlx:  Trsataclioiu  of  the  Connecticut  Academy  of  .\n»  and  Sciences,  16, 347, 1911. 
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of  sugar  or  glycogen  (rom  cellulose.^  It  is  probable  that  the  cellulose 
which  disappears  from  the  intestine  is  transformed  for  the  most  part  into 
fatty  adds.* 

Experiments  on  Cellulose 

I.  Solubility. — Test  the  solubility  of  cellulose  in  water,  dilute  and  concentrated 
■ad  and  alkali. 

i.  Iodine  Test.  —Add  a  drop  of  dilute  iodine  solution  to  a  few  shreds  of  cotton 
00  B  test-tablet  Cellulose  differs  from  starch  and  dextrin  in  giring  no  color 
Willi  iodine. 

3.  Formation  of  Amyloid.>— Add  lo  c.c.  of  dilute  and  s  cc  of  concentrated 
B1SO1  to  some  absorbent  cotton  in  a  test-tube.  When  entirely  dissolved  (with- 
out bntiiig}  pour  one-half  of  the  solution  into  another  test-tube,  cool  it  and  dilute 
wilb  water.  Amyloid  forms  as  a  gummy  precipitate  and  gives  a  brown  or  blue 
colors tioD  with  iodine. 

After  allowing  the  second  portion  of  the  acid  solution  of  cotton  to  stand  about 
10  mimiteft,  dilute  it  with  water  in  a  small  beaker  and  boil  for  15  30  minutes. 
Row  cool,  neutralize  with  soUd  KOH  and  test  with  Fehhng's  solution.  Glucose 
bis  been  lonned  from  the  cellulose  by  the  action  of  the  add. 

4.  Ammoniacal  Cupric  Hydroxide  Solubility  Test  (Schweitzer).— Place  a 
linle  absorbent  cotton  in  a  test-tube,  add  Schweitier's  reagent,'  and  stir  the 
ceUnloM  with  a  ^es  rod.  When  completely  dissolved  acidify  the  solution  with 
tcedc  Add.    An  amorphous  precipitate  of  cellulose  is  produced. 

5.  Hydrochloric  Acid— Zinc  Chloride  Solubility  Test  (Cross  and  Bevanl.' — 
Place  a  little  absorbent  cotton  in  a  test-tube,  add  Cross  and  Bevan's  reagent,* 
•od  stir  the  cellulose  with  a  glass  rod.  When  solution  is  complete  reprecipitate 
the  celluloee  with  9s  per  cent  alcohol. 

6.  Iodine-Zinc  Chloride  Reactwn.  —  ?Uce  a  little  absorbent  cotton  or  quantita* 
live  dlier  paper  in  a  t^t-tube  and  treat  {i  wUh  the  iodine-zinc  chloride  reagent.' 
A  Mwe  color  forms  on  standing.  Amyloid  has  been  formed  from  the  cellulose 
through  the  action  of  the  ZnCIt  and  the  iodine  solution  has  stained  the  amyloid 
blue. 

7.  OQwr  Cellulose  Solvents. — It  has  recently  been  demonstrated  by  Dcming* 
that  there  ate  many  excellent  solvent*  for  cellulo.te  (filter  paper).  For  example, 
the  oonccntratcd  aqueous  solutions  of  certain  salts  such  as  antimony  trkhlorUe, 

'Ltuk:  Amrrkan  Journal  af  Pkysiohiy,  17,  467,  1911;  aUo  Hoffmann.  Inaugural  di»- 
•ertatioo.  llollc' Wittenberg,  igio. 

■Tatipciocr:  ZtiiuMJlfiir  Bit^otU,  14.  "OS.  1888. 

*  This  body  derlvM  ii»  name  from  amylun  (starch)  and  i*  not  to  be  confounded  with 
anj^ioid,  the  ^ycoproicin. 

'  Schmitxct't  rengcnt  is  made  by  sddinR  pota^»iuni  hydroxide  lo  a  solution  of  copper 
sulplutc  which  coniuns  tome  amuiunium  cnluri-Ji;  .\  precipitate  of  cuptic  hydroxide 
lomu  and  this  b  filtered  o!T,  washed,  uid  3  granu  of  tbc  mmtX  cupric  hydroxide  brought 
into  Mlntioa  in  a  liter  oi  :o  per  crnt  Ammonium  hydroxide 

*  CrcM  and  Rcvan:  Clumk.il  News,  Oj,  p.  66. 

'  CruM  and  Bevan's  leajteiil  may  be  prepared  by  cumbiniog  two  parts  ol  concentrated 
liydrodiloric  add  and  one  part  of  unc  cnloridc,  by  oWfAr. 

'The  iodbc'XtBC  chloride  reagent  a«  suagesled  by  Now'oitokroBtlty  (Bclhcftc  BuJcin. 
CtMf-,  JB,oo.  t<iit)  nay  be  made  bv  distolvioK  ao  grams  ZnCl:  in  S.s  cx-  watexand  when 
(XNil  iotroduciDg  the  ioduie  solution  (3  grams  Kl-i-i.jeraral  in  00 c.c.  vratctj  drop  by  drop 
until  iodine  bc»n*  to  precipiuic. 

■Dcmins:  JoufMi  Amakan  ChtmUaL  Ssiitly,  3),  IJIJ,  l^tl. 
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stannous  chloride  and  tine  bromide.  In  hydrochloric  add  solution  the  solvent  actioD 
of  the  above  salts  is  increased.  The  following  salts  are  also  good  solvents  in  hydro- 
chloric acid  solution:  mercuric  chloride,  bismuth  chloride,  antimony  pemtacUoride, 
tin  tetrachloride  and  titanium  tetrachloride.  In  the  case  of  the  last-mentioned  salt 
the  swollen,  transparent  character  of  the  cellulose  fibers  prdiminaiy  to  soIutioD 
can  be  seen  very  nicely. 

Try  selected  solvents  suggested  by  tbe  instructor. 

HEHICEU.m,OSES 

The  hemicelluloses  di£fer  from  cellulose  in  that  they  may  be  hydro- 
lyzed  upon  boiling  with  dilute  mineral  acids.  They  differ  from  other 
polysaccharides  in  not  being  readily  digested  by  amylases.  Hemi- 
cellulose  may  yield  pentosans,  or  hexosans  upon  hydrolysis. 

Pentosans. — Pentosans  yield  pentoses  upon  hydrolysis.  So  far  as  is 
known  they  do  not  occur  in  the  animal  kingdom.  They  have,  however, 
a  very  wide  distribution  in  the  vegetable  kingdom,  being  present 
in  leaves,  roots,  seeds  and  stems  of  all  forms  of  plants,  many  times  in 
intimate  association  or  even  chemical  combination  with  galactans.  In 
herbivora,  pentosans  are  40-80  per  cent  utilized.^  The  few  tests  on 
record  as  to  the  pentosan  utilization  by  man*  indicate  that  80-95 
per  cent  disappear  from  the  intestine.  According  to  Cramer,*  bacteria 
are  ef&dent  hemicellulose  transformers.  It  has  not  yet  been  dem- 
onstrated that  pentosans  form  glycogen  in  man,  and  for  this  reason 
they  must  be  considered  as  playing  an  unimportant  part  in  human 
nutrition.  Gum  arable  an  important  pentosan  may  be  hydrolyzed 
by  concentrated  hydrochloric  acid  if  boiled  for  a  short  time.  The 
pentose  arabinose  results  from  such  hydrolysis. 

Galaclans. — -In  common  with  the  pentosans  the  galactans  have  a  very 
wide  distribution  in  the  vegetable  kingdom.  The  pure  galactans  yield 
galactose  upon  hydrolysis.  One  of  the  most  important  members  of 
the  galactan  group  is  agar-agar,  a  product  prepared  from  certain  types 
of  Asiatic  sea-weed.  This  galactan  is  about  50  per  cent  utilizable  by 
herbivora*  and  S-27  per  cent  utilizable  by  man.'  Agar  ingestion  has 
been  shown  to  be  a  very  efficient  therapeutic  aid  in  cases  of  chronic 
constipation.*'^  This  is  particularly  true  when  the  constipation  is  due 
to  the  formation  of  dry,  hard,  fecal  masses  (scybala),  a  type  of  fecal 
formation  which  freciuently  follows  the  ingestion  of  a  diet  which  is 

'  Swarti:  Transaclions  of  the  Connecticut  Academy  of  Arts  and  Sciences,  i6,  347,  igii, 

'  KSnig  and  Rcinhardt:  Zril.f.  Cnlenutliiing  dcr  Nalirungs  u.  GenusimiUet,  5,  no,  igot. 

'  Cramer;  Inaug.  Disa.,  Halle,  igio. 

'Lohrisch:  Ztil.f.  cxper.Falh.  u.  Pliarm.,  5,  478,  igoS, 

'  Saiki:  Jour.  Biol.  Chcm.,  2.  251,  iqo6. 

'  Mendel:  Zcniralblal  f.  d  %csammle  Phys.  ti  Path,  dcs  Sta^M.:,  No.  17,  I,  1908. 

'  Schmidt:  ilUnck.  med.  Wocli..  51,  1970,  1905.  1 
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trj-  thoroughly  digcsU-d  and  absorbed.  The  agar,  because  of  its 
relative  indigestibility  and  \\s  property  of  absorbing  water  yields  a 
bulky  fcca]  mass  which  is  siiffidcntly  soft  to  ijcrmit  of  easy  evacua- 
tion. Agar  has  been  used  with  good  results  in  the  treatment  of  con- 
stipation io  children.'  The  function  of  agar  is  not  limited  to  its  use 
in  connection  with  constipation,  it  may  serve  in  other  capacities  as  an 

aid  to  intestinal  thcrajK-utics.' 

Experiments  on  a  pENrosAX 

I.  Solubility. — ^Test  the  solubUitj  ot  gum  umbk  in  hot  anil  coM  water  and 
tkobol. 

i.  Iodine  Teat. — Add  a  drop  of  dilute  Iodine  solution  to  a  Uttle  gum  arable 
on  ■  tesl-tabkt    It  resembles  cellulose  in  giving  no  color  with  iodine. 

3.  HydroljBis  of  Gum  Arabic.  Introduce  a  little  gum  arabic  into  a  tesl-tube, 
idd  5-10  c.c.  of  strong  hydrochloric  acid  (cone.  HCl  and  water  1:1)  and  beat  to 
boiling  for  5-10  minutes.  Cool,  oeutraliie  with  potassium  bydrozide  and  test 
bj  the  Fehling  or  some  other  reduction  lest  A  positive  reaction  should  be  ob- 
tained indtcatiDg  thai  Ihe  gum  arable  has  been  hydrolyzed  by  the  acid  with  the 
production  of  a  reducing  substance.  What  is  this  reducing  substance?  How 
would  you  tdentifj  it? 


Experiments  on  a  Galactan 


Ob- 


r  I.  Solubility. — Test  the  solubility  of  agar-agar  in  hot  and  cold  water. 

^^tiT«  its  marked  property  of  imbibing  water  (see  above). 

^B    a<  Iodine  Test.— Add  a  drop  of  dilute  iodine  solution  to  a  little  agar-agar  on  a 

^^ovt-tabtet     It  resembles  cellulose  in  giving  no  color  with  iodine. 

3.  Hydrolysis  of  Agar-agar.— Introduce  a  few  pieces  of  agar-agar  into  a  test- 
tube,  add  5-10  c.c.  of  strong  hydrochloric  acid  (cone.  HCl  and  water  1:1)  and 
heat  to  boiling  for  5-10  minutes.  Cool,  neutralize  with  potassium  hydroxide  and 
test  by  the  FehUng  or  some  other  reduction  test.  A  positive  reaction  should  be 
obtained  indicating  that  the  agar-agar  has  been  hydrotyzed  by  the  acid  with  the 
production  of  a  reducing  substance.  What  is  Ibis  reducing  substance?  How 
would  you  identify  it? 


REVIEW  OF  CARBOHYDRATES 


^^^In  order  to  facilitate  the  student's  review  of  the  carbohydrates,  the 

^mHpBration  of  a  chart  similar  to  the  appended  model  is  recommended. 
The  signs  -I-  and  —  may  be  conveniently  used  to  indicate  positive 
and  negative  reaction.     Only  those  carbohydrates  which  are  of  greatest 

^umportance  from  tJie  standpoint  of  physiological  chemistry  have  been 

Hmcludcd  in  the  chart. 

^M  )Eiii 


'  Mont:  J^urmU  AmakaH  Medical  Ast'n.,  55, 934, 1910. 
)  Einbom:  Btrt.  kUn.  Woch.,  49,  113,  t(|t9. 
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MODEL  CHART  FOR  REVIBW  PDRPOSBS 


"Unknown"  Solutions  of  Carbohydrates 

At  this  point  the  student  will  be  given  several  "unknown"  solutions, 
each  solution  containing  one  or  more  of  the  carbohydrates  studied. 
He  will  be  required  to  detect,  by  means  of  the  tests  on  the  preceding 
pages,  each  carbohydrate  constituent  of  the  several  "unknown"  solu- 
tions and  hand  in,  to  the  instructor,  a  written  report  of  his  findings,  on 
slips  furnished  by  the  laboratory. 

The  scheme  given  on  page  53  may  be  of  use  in  this  connection. 


CARBOHVDRATES 


53 


CHAPTER  III 
SALIVARY  DIGESTION 

The  saliva,  is  secreted  by  three  pairs  of  glands,  the  submaxillary, 
sublingual,  and  parotid,  reinforced  by  numerous  small  glands  called 
buccal  glands.  The  saliva  secreted  by  each  pair  of  glands  possesses 
certain  definite  characteristics  peculiar  to  itself.  For  instance,  in  man 
the  parotid  glands  ordinarily  secrete  a  thin,  watery  fluid,  the  submaxil- 
lary glands  secrete  a  somewhat  thicker  fluid  containii^  mucin,  while  the 
product  of  the  sublingual  glands  has  a  more  mucilaginous  character. 
The  saliva  as  collected  from  the  mouth  is  the  combined  product  of  all 
the  glands  mentioned.  The  fact  that  there  are  pronounced  variations 
in  the  composition  of  different  fractions  of  saliva  secreted  by  the  same 
normal  individual  on  a  uniform  diet  has  been  emphasized  by  Lothrop 
and  Gies.' 

The  saliva  may  be  induced  to  flow  by  many  forms  of  stimuli,  such  as 
chemical,  mechanical,  electrical,  thermal,  and  psychical,  the  nature  and 
amount  of  the  secretion  depending,  to  a  limited  degree,  upon  the  par- 
ticular class  of  stimuli  employed  as  well  as  upon  the  character  of  the 
individual  stimulus.  For  example,  in  experiments  upon  dogs  it  has  been 
found  that  the  mechanical  stimulus  afforded  by  dropping  several  pebbles 
into  the  animal's  mouth  caused  the  flow  of  but  one  or  two  drops  of 
saliva,  whereas  the  mechanical  stimulus  afforded  by  sand  thrown  into 
the  mouth  induced  a  copious  flow  of  thin  watery  fluid.  Again,  when 
ice-water  or  snow  was  placed  in  the  animal's  mouth  no  saliva  was  seen, 
while  an  acid  or  anything  possessing  a  bitter  taste,  whidi  the  dog  wished 
to  reject,  caused  a  free  flow  of  the  thin  saliva.  On  the  other  hand,  when 
articles  of  food  were  placed  in  the  dog's  mouth  the  animal  secreted  a 
thicker  saliva  having  a  higher  mucin  content — a  fluid  which  would  lubri- 
cate the  food  and  assist  in  the  passage  of  the  bolus  through  the  esopha- 
gus. It  was  further  found  that  by  simply  drawing  the  attention  of  the 
animal  to  any  of  the  substances  named  above,  results  were  obtained 
similar  to  those  secured  when  the  substances  were  actually  placed  in  the 
animal's  mouth.  For  example,  when  a  pretense  was  made  of  throw- 
ing sand  into  the  dog's  mouth,  a  watery  saliva  was  secreted,  whereas 
food  under  the  same  conditions  excited  a  thicker  and  more  slimy 
secretion.     The  exhibition  of  dry  food,  in  which  the  dog  had  no  par- 

'  Lothrop  and  Gies:  Journal  oj  the  Allied  {DeiiUil}  Socidics,  6,  65,  191 1. 

54 


f  SALn'ARY    DIGESTION  55 

Ucular  interest  (dry  bread),  caused  the  secretion  of  a  large  amount  of 
watery  saliva,  while  the  presentation  of  moist  food,  which  was  eagerly 
desinsd  by  the  animal,  called  forth  a  much  smaller  ftecreUon,  slimy  in 
character.  'ITicsc  experiments  show  it  to  be  rather  difficult  to  dif- 
ferentiate between  t}ie  influence  of  physiological  and  psychical  stimuli. 

The  amount  of  iialiva  secreted  by  an  adult  in  24  hours  has  been  vari- 
ously placed,  as  the  result  of  experiment  and  observation,  between  1000 
and  1500  ex.,  the  exact  amount  depending;,  among  other  conditions, 
upon  the  character  of  the  food. 

The  saliva  of  ailults  ordinarily  has  a  weak,  alkaline  reaction  to  litmus, 
but  becomes  acid,  in  some  instances,  3-3  hours  after  a  meal  or  during 
fasting.  The  saliva  of  the  newborn  it;  generally  neutral  to  litmus, 
whereas  that  of  infants,  especially  those  breast-fed,  is  generally  acid.' 
The  alkalinity  of  saliva  is  due  principally  to  di-sotlium  hydrogen  phos- 
phate (NajHPO<)  and  its  average  alkalinity  may  be  said  to  be  equiva- 
lent to  0.08-0.1  per  cent  sodium  carbonate.  The  saliva  is  the  most  dilute 
of  all  the  digestive  secretions,  having  an  average  sjK;citicgra\'ity  of  1.005 
and  containing  only  0.5  per  cent  of  solid  matter.  Among  the  solids  are 
found  albumin,  globulin,  mucin,  urea,  the  enzymes  salivaiy  amylase 
(ptyalin),  maltasc,  and  peptidc-spliltinK  enzymes,  phosphates,  and 
other  inorganic  constituents.  Potassium  thiocyanate,  KSC'N',  is  also 
generally  present  in  the  saUva.  It  has  been  claimed  that  this  sub- 
stance is  present  in  greatest  amount  in  the  saliva  of  habitual  smokers. 
The  significance  of  thiocyanate  in  the  saliva  is  not  known ;  it  probably 
comes  from  the  ingested  thiocyanate*  and  from  the  breaking  down  of 
protein  material.  The  attempts  to  show  some  relationship  between 
tooth  decay  and  the  thiocyanate  content  of  the  saliva  secreted  into 
the  mouth  cavity  have  met  with  failure.  The  mOst  recent  experiments' 
indicate  a  virtual  absence  of  such  rcUtionship. 

The  so-called  tartar  formation  on  the  teeth  is  composed  almost 
entirely  of  calcium  phosphate  with  some  calcium  carbonate,  mucin, 
epithelial  tells,  and  organic  debris  derived  from  ihe  food.  The  calcium 
salts  arc  held  in  solution  as  acid  salts,  and  are  probably  prccipitaLed  by 
the  ammonia  of  the  breath.  The  various  organic  suljstances  just  mcn- 
tioaed  are  carricKi  down  in  the  precipitation  of  the  calcium  salts. 

The  suggestion  has  been  made  tliat  mucin  is  the  salivary  constituent 
"which  is  particularly  influential  in  the  development  of  local  conditions 
favoring  the  onset  of  dental  decay."* 

The  principal  enzyme  of  the  saliva  is  known  as  salivary  amylase  or 
Plyalitt.     This  is  an  amyhlytic  enzyme  (see  page  4),  so  called  because  it 

>  AUaru:  UotnttMhr.  f^r  KiiuletluilkanJt,  lo.  IT9,  191 1- 

'  Lolhrop  atui  0I«:  Journal  n/  Iki  Mtitd  {Dttttalj  SocUlies,  6,  65,  1911. 

■  Id,:  Ibid.,  j,  No.  4.  igio- 


i 


56  FHYSIOLOGICAL  CEEIOSTSY 

possesses  the  property  of  transforming  complex  carbohydrates  such  as 
starch  and  dextrin  into  simpler  bodies.  The  action  of  salivary  amylase 
is  one  of  hydrolysis  and  through  this  action  a  series  of  Ampler  bodies  are 
formed  from  the  complex  starch.  The  first  product  of  the  action  of  the 
ptyalin  of  the  saliva  upon  starch  paste  is  soluble  starch  (amidiUin)  and  its 
formation  is  indicated  by  the  disappearance  of  the  opalescence  of  the 
starch  solution.  This  body  resembles  true  starch  in  giving  a  blue  color 
with  iodine.  Next  follows  the  formation,  in  succession,  of  a  series  of 
dextrins,  called  erythro-dextrin,  a-achroo-dtxirin,  fi-achroa-dextrin,  and 
y-achroo-dextrin,  the  erylhro-dexlrin  being  formed  directly  from  soluMe 
starch  and  later  being  itself  transformed  into  a-achroo-dextrin  from  which 
in  turn  are  produced  p-achroo-dextrin,  y-ackroo-dextrin  and  perhaps  other 
dextrins.  Accompanying  each  dextrin  a  small  amount  of  maltose  is 
formed,  the  quantity  of  maltose  growing  gradually  larger  as  the  proc- 
ess of  transformation  progresses.  (Erythro-dextrin  gives  a  red  color 
with  iodine,  the  other  dextrins  give  no  color.)  The  next  stage  is  the 
transformation  of  the  final  dextrin  into  maltose,  the  latter  being  the  prin- 
cipal end-product  of  the  salivary  digestion  of  starch.  At  this  point 
a  small  amount  of  glucose  is  formed  from  the  maltose  through  the  ac- 
tion  of  the  enzyme  mallase.  The  above  changes  may  be  represented 
graphically  as  follows: 

StBich 

I 

Soluble  starch 


I  I 

Erythro-dextrin  Maltose 


I  I 

a-Achroo-dextrin  Maltose 

I 


i9-Achroo-dextrin  Maltose 


I  I 

T-Achroo-dextrin  Maltose 

I  I 

\ 
Maltose 

Salivary  amylase  acts  in  alkaline,  neutral,  or  combined  acid  solu- 
tions. It  will  act  in  the  presence  of  relatively  strong  combined  HCl  (see 
page  140) ,  whereas  a  trace  (0.003  P^"^  ^^^^  to  0,0006  per  cent)  of  ordinary 
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free  hydrochloric  acu!  will  not  only  prevent  the  action  but  will  destroy 
the  enzyme.  By  sufficiently  increasing  the  alkalituty  of  the  saliva  to 
litmus,  the  action  of  the  salivary  amylase  is  inhibitcrl. 

It  has  been  shown  by  Cannon  that  salivary  digestion  may  proceed 
for  a  considerable  period  after  the  food  reaches  the  stomach,  owing 
to  the  slowness  with  which  the  contents  are  thoroughly  mixed  with 
the  acid  gastric  juice  and  the  consequent  tardy  destruction  of  the 
enzyme.  Food  in  the  pyloric  end  of  the  stomacli  is  soon  mixed  with  the 
gastric  secretion,  but  food  in  the  cardiac  end  is  not  mixed  with  the  add 
gastric  juice  (or  a  considerable  period  of  time,  and  in  this  region  during 
tiiiLt  time  salivary  digcEtion  may  proceed  undisturbed. 

It  has  been  found  that  salivary  amylase  acts  more  efficiently  when 
the  saliva  is  diluted  from  4  to  7  times.' 

Water  softened  by  lime'  inhibits  the  acdon  of  salivary  amylase  due 
to  the  presence  of  magnesium  hydroxide  in  Ifiis  water.*  Electrolytes 
have  an  hnponant  influence  upon  the  action  of  amylases.  The  CI  ion 
has  a  pronounced  facitilating  action  (sec  Pancreatic  Amylase). 

The  question  of  the  •idaptation  of  the  salivary  secretion  to  diet  is  one 
which  has  received  considerable  attention  in  recent  years.  It  has  been 
daimed,  on  the  basis  of  experimental  eWdence/  that  the  continued 
feeding  of  a  carbohydrate  diet  causes  the  secretion  of  a  saliva  whidi 
coQtaios  a  higher  concentration  of  salivary  amylase  ajid  one  which  is 
therefore  able  to  more  effidcntly  digest  the  carbohydrate  fed.  On  the 
other  hand,  strong  evidence'  has  been  submitted  that  the  amylase  con- 
tent of  the  saliva  is  not  increased  through  the  continued  feeding  of  a 
carbohydrate  diet.  In  general  the  consensus  of  opinion  is  opposed 
to  the  adaptation  of  digesike  secretions  to  diet. 

Maltate.  sometimes  called  glucase,  is  the  second  enzyme  of  the  saliva, 
llie  prindpal  function  of  maltasc  is  the  splitting  of  maltose  into  glucose. 
Besides  cMXurrbg  in  tlie  saliva  it  is  also  present  in  the  pancreatic  and 
intestinal  )uice.i.  For  experimental  purposes  the  cnzj-me  i.^  ordinarily 
prepared  from  corn.  The  principles  of  the  "reversibility"  of  enzyme 
action  were  first  demonstrated  in  connection  with  maltase  by  Croft  Hill. 

It  is  claimed  that  tlie  saliva  contains  dipcptidc-  and  tripcptide- 
splitting   enjtj'mes.'    Leucyl-glycyl-alanine  was   the   tripeptide  split, 

'Bergeim  and  Hank:  Jour.  Am.  Cktm.  Sot.,  J5. 46t,  1913. 

'  Pttpaiod  by  (rcatini:  tap  watrr  with  one-HxIli  iu  volume  of  satutalcicl  lime  frster, 
sUowioX  V)  8lud  14  lioun  ad&  fittuiny. 

*  Beneun  and  Ilatwk:  Jovr.  Am.  Chtm-  See.,  ^j,  1049.  19:3. 

■*Ndlioi»  and  Terry:  AmrricanJovrtiiiefPhynoloty,  11,406,  19OJ;  NcIlaoDandLtwli: 
Jmrnd  0/ BkiofiMt  Chtmiitry.  4,  joi.  iiJoS. 

*Meodet;  Aauriea*  jMinaieftlK McJkatSeitiUft, Oct..  i^oq;  Mesdclaod  t'ndeihiU; 
JBttm«t  «/  Biological  Citmiury,  3,  135,  190;;  Mendel,  Ccapman  and  Blood;  UiJital 
Ktnrd,  Au*.  ij,  1910. 

*Eoelket:  ZtilMkriJt  f{tr  pkytiot.  Chem  ,  ;6,  17,  igii. 
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whereas  the  cleavage  of  several  dipeptids  was  brought  about.  The 
action  is  similar  to  that  of  intestinal  erepsin  (see  Chapter  XI).  Later 
invc^tigatiomi  (sec  page  199),  apparently  have  demonstrated  that  the 
Iieptolytic  power  of  saliva,  at  least  in  some  cases,  is  due  to  bacteria. 

Microscopical  examination  of  the  saliva  reveals  salivary  corpuscl 
bacteria,  food  debris,  epithelial  cells,  mucus,  and  fungi.     Id  certain^ 
pathological  conditions  of  the  mouth,  pus  cells  and  blood  corpuscles 
may  be  found  in  the  saliva. 

Experiments  on  Saltva 

A  satisfactory  method  of  obtaining  the  saliva  necessary  for  the  ex- 
periments which  follow  is  to  chew  a  small  piece  of  pure  paraffin  wax, 
thus  stimulatinf;  tlie  flow  of  the  secretion,  which  may  be  collected  in  a 
small  beaker.     Filtered  saliva  is  to  be  used  in  every  experiment  except^ 
for  the  microscopical  examination.  ^| 

I.  Microscopical  EzaminatioD. — Bzamine  a  drop  of  unflJtered  salira  mtcxo- 
,  Mopical^,  after  Ktaininj  with  methylene  blue,  and  compare  with  Fic-  19  below. , 


Fro,  ao. — MicRMcopiCAi  Co!fl(TiTi;eifis  or  Sauva. 

a,  Ejuthelial  celU;  (,  nJivary  corputclei:  e,  (ai  dropi;  d,  leucocytet;  «,/  and  (,  txiCteria^ 

h,  i,  and  t,  bsMan-fun^i. 

3,  ReactioD.— Test  the  reaction  to  litmus,  phenolphtbaleia  and  Confo  red.    I 

3.  Specilic  Grartty. — I'arlially  lill  ;i  urinometer  tylindcr  with  saliva,  introduce 
the  uriDomctcr,  and  observe  ihc  reading, 

4.  Teat  for  Mucin. ^To  a  small  amount  of  saliva  in  a  test-tube  add  ■  3  drops 
of  dilute  acetic  add.    Mucin  is  precipitated. 

5.  Biuret  Test.' — Render  a  little  saliva  alkaline  with  an  equal  volume  of  KOH 
and  add  a  few  drops  of  a  very  dilute  12-5  drops  in  a  test-tube  of  water)  copper 
ftulpbale  solution.    The  formation  of  a  purpli&h -violet  color  is  due  to  mucin. 

'I'his  reaction  is  given  by  proteiu  tnaterial  and  simply  indicates  that  mucin  b 
a  protein. 

6.  Millon's  Reaction.*— Add  a  few  drops  of  Millon'a  iiMgent  to  a  little  Mliva. 
.\  light  yellow  precipitate  formed  by  the  mucin  gradually  turns  red  upon  being 
genity  healed. 

This  reaction  indiculcs  the  presence  of  protein  (mucin). 

'  The  siKnificBUGF  of  lliis  reaclioii  ia  pointed  uut  un  p,  98, 
■  The  lignificancc  of  this  reaction  i»  poicled  out  on  p.  97. 
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7.  PrepkratioD  of  Mudn.  Pour  35  c.c.  of  saliva  ioto  100  cc  of  95  per  c«nt 
alct^iol,  ctUTing  constantly.  Cover  the  vessel  SDd  aDow  the  prec^tate  to  stand 
al  least  la  boun.  Pour  oA  the  mpemataat  BqviA,  collect  the  pree^tate  on  a 
filtcf  and  wash  it,  in  turn,  with  alcobol  and  ether.  Ptoally  dry  the  precipitate, 
remove  it  from  the  paper  and  make  the  foUowing  tests  cmthemudit:  (a)  Teet 
its  solubility  in  the  ordinary  solvents  (see  page  31);  (bi  Milton's  reaction;  (c) 
dissolve  a  smatl  amount  in  KOH,  and  try  the  biuret  test  on  (he  solution;  id)  boil 
the  remainder,  with  10-35  (^-<^-  ^^  water  to  which  5  cc.  of  dilute  HCI  has  been 
added,  until  the  solution  becomes  brownish.  Cool,  render  alkaline  with  solid 
KOH,  and  test  by  FehUng's  solution.    A  reduction  should  take  place. 

Mucin  is  what  is  known  as  a  conjugated  protein  or  glycoprotein 
(see  page  iia)  and  upon  boiling  with  the  add  the  carbohydrate  group 
in  the  molecule  has  been  split  off  from  the  protein  portion  and  its 
presence  is  indicated  by  the  reduction  of  Fehling's  solution, 

8.  Inorsnntc  Matter. — Test  for  chlorides,  phosphates,  sulphntCK,  and  cal- 
cium. For  chlorides,  acidify  with  ENOi  and  add  AgNOi.  For  phosphates, 
acidify  with  UNO*,  heat  and  add  molybdate  solution.'  For  sulphates,  acidify 
with  HCI  and  add  BaCli  and  warm.  For  calcium,  acidify  with  acetic  add,  CH*- 
COOU,  and  add  ammonium  oxalate,  iNHiJ-CiOi. 

Q.  Viscosify Test  -Placefilterpapersintwofunnels,and toeachaddanequal 
quantify  of  starch  paste  (5  cc).  Add  a  few  drops  of  saliva  to  one  lot  of  paste  and 
an  equivalent  amount  of  water  to  the  other.  Rote  the  progress  of  fUtralion  in 
each  case.    Why  does  one  soludon  filter  more  rai^dly  than  the  other? 

10.  Teat  for  Nitrites.— Add  i-;  drops  of  dilute  HvSO,  to  .1  litllc  saliva  and 
thotougbly  &lir.  Xow  add  a  few  drops  ol  a  polaitiiuni  iodide  solution  and  »ome 
starch  paslc.  Nitrou*  acid  is  formed  which  liberates  iodine,  raiising  the  formation 
of  the  blue  iodide  of  starch. 

11.  Thiocyanate  Tests. — fa)  Ferric  Chloride  Test— To  a  little  saliva  in  a 
small  porcelain  crudbte,  or  dish,  add  a  few  drops  of  dilute  ferric  chloride  and 
acidify  slightly  with  HCL  Red  ferric  thiocyanate  Fe(SCN]]  forms.  To  show 
that  the  red  coloration  is  not  due  to  iron  phosphate  add  a  drop  of  HgCli  when 
cotoriesa  mercuric  thiocyanate  forms. 

(6)  Sotrra'i  Rcaclien.^'Yhl*  ii-sl  dciK-nds  iipon  ihc  liberation  of  iodine  through 
the  action  of  thiocyanate  upon  iodic  acid.  Moisten  a  strip  of  ilar<k  paUe-iodk  acid 
test  paper*  with  a  Itllle  xnlivu.  If  thiocyanate  be  prrxent  the  te«l  paper  will  assume 
a  blue  cotor.  due  to  the  liberation  of  iodine  and  the  subsequent  formation  of  the  so- 
called  iodide  of  starch. 

11.  Digestion  of  Starch  Paste. — To  15  cc  of  starch  paste  in  a  small  beaker, 
add  s  drops  of  saliva  and  stir  thoroughly.  At  intervals  of  a  minute  remove  a 
drop  of  the  solution  to  one  of  the  depressions  in  a  test-tablet  and  test  by  the  io- 
dine test.  If  the  blue  color  with  iodine  still  forms  after  five  minutes,  add  another 
5  drops  of  saliva.  The  opalescence  of  the  starch  solution  should  soon  disappear, 
indicating  the  formation  of  soluble  starch  which  gives  a  blue  color  with  iodine. 

'  Sec  "  Reagents  and  Solulions." 

>  This  test  paper  U  prcpnred  ;vi  f<>U(iiv3:  Saturate  ■  goodaualit^of  filler  paper  with  0.5 
per  cent  starcn  p«ite  to  nhkb  has  been  added  sutficient  ioaic  acid  to  make  a  1  per  cent 
tolutioii  of  iodic  odd  and  allow  the  paper  to  dty  i°  tlie  air.  Cut  it  la  strips  of  suitable  alaa 
and  ptcs^rvc  for  utc. 
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This  body  should  soon  be  transformed  iiiio  erythro-dextrm  which  gives  a  led 
color  vrith  iodine,  uid  thix  in  turn  should  pass  into  achroo-deztiin  which  gives  no 
color  with  iodine-  This  is  called  the  achromic  point.  When  this  point  is  reached 
test  by  Fehling's  lest  to  show  the  production  of  a  reducing  bodj-  A  poKitire 
Fehling's  test  may  be  obtained  while  the  solution  still  reacts  red  with  iodine 
inasmuch  as  some  maltose  is  formed  from  the  soluble  starch  codncidenlly  with 
the  formation  of  the  erythro-destrin.  How  long  did  it  take  for  a  complete  trans- 
formation of  the  starch?  For  a  graphic  representation  of  the  above  changes  see 
page  s6. 

13.  Separation  of  the  Products  of  Sahvar;  Digestion.— To  35  c.c.  of  starch 
paste  in  a  small  beaker  add  i  c.c.  of  saUva  and  stir  thoroughly.  At  intervals  of 
one  minute  test  a  drop  of  the  mixture  by  the  iodine  te«t.  If  the  blue  color  per- 
sists after  Bve  minutes  add  another  i  cc  of  saliva.  When  the  mixture  reacts 
red  with  iodine,  indicating  that  erythrodextrin  has  been  formed,  add  100  c.c.  of 
95  per  cent  alcohol.  Allow  to  stand  until  the  white  precipitate  has  settled. 
Filter)  evaporate  the  filtrate  to  dryness,  dissolve  the  residue  in  5- 10  cc  of  water 
and  Cry  Fehling's  test  (page  36)  and  the  phenylhydrazine  reaction  (see  Glucose,  3, 
page  33).  On  the  dextrin  precipitate  try  the  iodine  test  fpage  45).  Also 
bydrolyie  the  dextrin  as  given  under  Dextrin,  4,  page  48. 

14.  Digestion  of  Dry  Starch. — In  a  test-tube  shake  up  n  small  amount  of  dry 
starch  with  a  little  water.  Add  a  few  drops  of  saliva,  mix  well,  and  allow  to 
stand.  After  10-30  minutes  filter  and  test  the  filtrate  by  Fehling's  lest.  What 
is  the  result  and  why? 

Dry  starch  is  very  .".lowl)'  digested  by  salivarj'  nmylasc. 

15.  Digestion  of  lnulin.~To  5  c.c.  of  inulio  solution  in  a  test-tube  add  to  drops 
of  saliva  nnd  (ilace  the  tube  in  the  incubator  or  watec-balh  at  40'C.  After  oac- 
half  hour  ten  the  solution  by  Fehling's  test.*  Is  any  reducing  substance  present? 
What  <i()  you  (.■oiidu<le  regarding  the  saliviirj'  iHscsiion  of  inulin? 

16.  Influence  of  Temperature. — In  each  of  four  tubes  place  about  5  c.c  of 
starch  paste.  Immerse  one  lube  in  cold  water  from  the  faucet,  keep  a  second  at 
room  temperature,  antl  place  a  third  in  the  incubator  or  the  water-bath  at  40X- 
(If  the  temperature  of  the  bath  or  incubator  is  allowed  to  rise  to  -jo'C.  or  over  the 
enzyme  is  destroyed  and  no  digestion  takes  place.  .1  Now  add  to  the  contents  of 
each  of  these  three  lubes  two  drops  of  saliva  and  shake  well;  to  the  contents  of 
the  fourth  tube  add  two  drops  of  boiled  saliva.  Test  frequendy  by  the  iodine 
test,  using  the  test-tablet,  and  note  in  which  tube  the  most  rapid  digestion  occurs. 
Explain  the  results. 

17.  Influence  of  Dilution.' — ^Take  a  series  of  six  test-tubes  each  containing 
9  c.c.  of  water.  Add  j  c.c.  of  saliva  to  tube  i  and  shake  thoroughly.  Remove 
I  cc.  of  the  solution  from  tube  1  to  tube  3  and  after  mixing  thoroughly  removs 
I  cc  from  tube  3  to  tube  3.  Continue  in  Ihls  manner  until  you  have  6  saliva 
solutions  of  gradually  decreasing  strength.  Now  add  Starch  paste  in  w^oa.l 
amoimts  to  each  tube,  mix  very  thoroughly,  and  place  in  the  incubator  or  water- 

>  If  the  inuUn  lolution  gives  a  reduction  brlore  bcins  nctcd  upon  by  the  Mliva  it  wUI  be 
Mctssaiy  lodclerminc  theextcDiof  theorlKln^itductiouby  Bieansof  a"cbeclc"lcst  (tt« 
p.  4t). 

*T1ie  tecbnic  of  Wohlgemuth'*  method  (tec  Chaptci  X)  inKy  be  employed  in  Ihia  icit 
If  to  d«slr«d. 
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batfa  at  4o''C    After  lo  ao  tntnutcs  lest  by  both  the  iodine  and  Febling's  tests. 
In  bow  great  dilution  does  your  saliva  act? 

18-  Influence  of  Acids  nnd  Alkalis,  —(a)  Influence  of  Free  Acid. — Prepare  a 
series  of  six  tubes  in  each  ol  which  is  placed  4  c.c.  of  one  of  the  following  strengths 
of  free  HCl:  0.1  per  cent,  o.i  per  cent,  0.05  percent,  0.025  per  ceo  I,  0.0115  pc 
cent  and  0.006  per  cent.  ITow  add  ]  c.c.  of  starch  paste  to  each  tube  attd  shake 
Ihem  thoroughly.  Complete  the  solutions  by  adding  i  c.c.  of  saliva  to  each  and 
rei>e«t  the  shaking.  The  total  acidity  of  this  series  would  be  as  follows :  o.i  per 
ceot,  0.05  per  cent,  0.015  P^^  ^^M,  0.0115  P^  cetH,  0.006  per  cent  and  0.003  P^^ 
cent.  Place  these  tubes  on  the  water-bath  at  40^C.  for  lo-io  minutes.  Divide 
the  conienis  of  each  lube  Into  two  parts,  testing  one  part  by  the  iodine  lest  and 
testing  the  nther,  after  neutralization,  by  Fehling's  tesl.    What  do  ywi  find? 

(bj  Influence  of  Combined  Acid  fProtein  Salt).  —Repeat  the  first  tliree  ex- 
periments of  the  above  series  using  combined  hydrochloric  acid  isee  page  140) 
instead  of  the  free  acid.  How  does  the  action  of  the  combined  acid  differ  from 
that  of  the  free  acid?      (For  a  discussion  of  combined  acid  see  page  140.) 

(c)  Influence  of  Alkali — Repeat  the  first  four  experiments  under  (ai  replac- 
ing the  HCl  by  3  per  cent,  i  per  cent,  0.5  per  cent  and  0.15  per  cent  NajCOi. 
neabraliie  the  alkalinity  before  trying  the  iodine  test  (see  Starch,  5,  page  45). 

(d)  Nature  of  the  Action  of  Add  and  Alkali.— Place  a  c.c.  of  saliva  and  2  c.c. 
of  0.1  per  cent  HCl  in  a  test-tube  and  leave  for  15  minutes.  Neutralize  the 
solutioD,  add  4  cc.  of  starch  paste  and  place  the  tube  in  the  incubator  or  water- 
bath  at  40°C.  In  10  minutes  test  by  the  iodine  and  Fehling's  tests  and  explain 
the  result.  Repeat  the  experiment,  replacing  the  0.1  per  cent  HCl  by  1  per  cent 
NatCOt-     What  do  you  deduce  from  these  two  experiments? 

19.  Influence  of  Metallic  Salts,  etc. — In  each  of  a  stTii-s  of  tubes  place  4  c.c. 
of  slarcb  piiite  and  ^  c.c.  of  one  of  the  solutions  named  below.  .Shake  well,  a<id 
H  cc  of  Miliva  to  each  tube,  thoroughly  mix.  and  place  in  ihe  incubator  or  water- 
bath  at  40*^^.  for  (o-io  minute*.  Sliow  ihu  progress  of  digolioii  by  mean.n  of  the 
iodine  and  Fchling  tests.  Uk  the  following  chemicals:  Metaliii  Sdilf,  10  per  cent 
Ico/A  acetate,  2  per  cent  copper  sulpliatc,  j  per  cent  ferric  chloride,  8  per  cent  mci- 
ciuic  chloride;  jVcnfro/  sattt,  10  per  cent  sodium  chloride,  10  [kt  rent  mngncMum 
nilpbatc,  3  per  cent  barium  chloride.  10  per  cent  RochcUc  salt.  Also  try  the  influ- 
ence of  1  per  cent  carbolic  acid,  95  per  cent  alcohol,  and  ether  and  ciilorolorin. 
What  are  your  conclusions? 

Antiseptics  do  not  necess.irily  inhibit  tmyme  action. 

30.  Excretion  of  Potassium  Iodide.  —Ingest  a  small  dose  of  potassium  iodide 
(0.1  gram  I  contained  in  a  gelatin  capsule,  quickly  rinse  out  the  mouth  with 
water,  and  then  te&t  the  saliva  at  once  for  iodine.  This  test  should  be  negative. 
Make  additjooal  tests  for  iodine  at  two-minute  intervals.  The  test  for  iodine  is 
made  as  foUows :  Take  i  c.c.  of  NaNOi  and  i  cc.  of  dilute  H:SOi'  in  a  test- 
tube,  add  a  little  saliva  directly  from  the  mouth,  and  a  small  amount  of  starch 
paste.  The  formation  of  a  blue  color  signifies  that  the  potassium  iodide  is  being 
excreted  through  the  salivary  glands.  Note  Ihe  length  of  time  elapsing  between 
the  ingestion  of  the  potassium  iodide  and  the  appearance  of  the  first  traces  of  the 
substaoce  in  the  saliva.    If  convenientf  the  urine  may  also  be  tested.    The 

'  Initcod  of  ihiii  mixturr  n  few  dropi^  ni  lIN'Oi  posfrt^ing  s  ycllouith  i>r  lirowiitfh  calor 
due  to  tlw  jwrwnce  oi  HNU,  m*y  be  emplyjtd. 


L 


63  FHYSIOLOGICAI,  CHEIDSTSY 

Ghemkal  ruetioiis  taking  pUcs  in  thb  wpwiment  m«  indicated  in  ttw  foUowinc 
eqnationt: 

(a)  3NaN0»4-HjS04-»2HNOi+NaiSO«. 

(ft)  2KH-H.S04-»2HI+K,SOi. 

(c)  2HNO.+    aHI-^I,4-2H,0+2NO. 


CHAPTER  IV 
PROTEINS:'  THEIR  DECOMPOSITION  AND  SYNTHESIS 

The  proteins  are  a  class  of  substances,  which  in  the  lig^f  of  our  pres- 
ent knowledge,  consiBt.  in  the  main,  o(  combinations  of  a-amino  acids  or 
their  derivatives.  These  protein  substances  form  the  cliief  constituents 
of  many  of  the  fluids  of  the  body,  constitute  the  organic  basis  of  animal 
tissue,  and  at  the  same  time  occupy  a  decidedly  preeminent  position 
among  our  organic  food-stuffs,  llicy  arc  absolutely  necessary  to  the 
ttscj  of  the  animal  organism  for  the  continuance  of  life  and  Uic>'  cannot 
be  satisfactorily  replace<l  in  the  diet  of  such  an  organism  by  any  other 
dietar>'  constituent  eitJu-r  organic  or  inorganic.  Such  an  organism  may 
cttit  without  protein  food  for  a  period  of  time,  the  length  of  the  period 
Varying  according  to  tlu*  specific  organism  and  the  nature  of  the  substi- 
luiion  offered  for  the  protein  portion  of  the  diet.  Such  a  period  is,  how- 
ever, distinctly  one  of  existence  rather  than  one  of  normal  life  and  one 
*bicb  is  consequently  not  accompanied  by  such  a  full  and  free  exercise 
of  the  various  functions  of  the  organism  as  would  be  possible  upon  an 
etcnly  balanced  ration,  i.e.,  one  contiiining  the  requisite  amount  of 
protdn  food.  These  protein  substances  are,  furthermore,  essential 
(oostitucnts  of  all  living  cells  and  therefore  without  them  vegetable  life 
IS  well  as  animal  life  is  impossible, 

llie  proteins,  which  constitute  such  an  important  group  of  sub- 
stances, differ  from  carbohydrates  and  fats  very  decidedly  in  elementary 
composJtioD.  In  addition  to  containing  curbon.  hydrogen,  and  oxygen, 
which  are  present  in  fats  and  carbohydrates,  the  proteins  invariably 
contain  nitrogen  io  their  molecule  and  generally  sulphur  also.  Pro- 
teins have  also  been  described  which  contain  phosphorus,  iron,  copper, 
ioditte,  manganese,  and  zinc.  The  percentage  composition  of  the  more  im- 
portant members  of  the  group  of  protein  substances  would  fall  within 
the  following  limits:  C=so^55  P"  cent.  H  =  6-7.3  per  cent,  0  = 
19-24  per  cent,  N  =  is-i9  per  cent,  S=o.3-2.5  per  cent,  F  =  o.4- 
0-8  per  cent  -when  present.  When  iron,  copper,  iodine,  manganese,  or 
zinc  are  present  in  the  protein  molecule  they  are  practically  without 

'  The  tetm  prattid  ha*  btcn  very  widcl)'  uicii  by  English -spcakinK  scieoliats  to  iiztoiy 
tht  claw  oi  auMUncct  w«  have  called  froUim. 
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exception  present  only  in  traces  and  with  the  exception  of  iodine  are 
probably  not  constituents  of  the  protein  molecule.' 

Of  all  the  various  elements  of  the  protein  molecule,  nitrogen  is  by  far 
the  most  important.  The  human  body  needs  nitrogen  for  the  continua- 
tion of  life,  but  it  cannot  use  the  nitrogen  of  the  air  or  that  in  variom 
other  combinations  as  we  find  it  in  nitrates,  nitrites,  etc.  However,  in 
the  protein  molecule  the  nitrogen  is  present  in  a  form  which  is  utilizable 
by  the  body.  The  nitrogen  in  the  protein  molecule  occurs  in  at  least 
four  different  forms  as  follows: 

I.  Monamino  acid  nitrogen. 
II.  Diamino  acid  nitrogen  or  baste  nitrogen. 

III.  Amide  nitrogen. 

IV.  A  guanidine  residue. 

The  actual  structure  of  the  protein  molecule  is  still  unknown,  and  we 
have  as  yet  no  means  by  which  its  molecular  weight  can  be  even  approxi- 
mately established.  The  many  attempts  which  have  been  made  to 
determine  this  have  led  to  very  different  results,  some  of  which  are  given 
in  the  following  table: 

Globin  =15000—16086 

Oxyhemoglobin  =  14800— 15000— 16655  "*  16730 

Of  these  figures,  those  given  for  oxyhemoglobin  deserve  the  most 
consideration,  for  these  are  based  on  the  atomic  ratios  of  the  sulphur 
and  iron  contained  in  this  substance.  The  simplest  formula  that  can 
be  calculated  from  analyses  of  oxyhemoglobin,  namely, 

CesgHiisiNaoiSiFeOiio 

serves  to  show  the  great  complexity  of  this  substance. 

The  decomposition'  of  protein  substances  may  be  brought  about  by 
oxidation  or  hydrolysis,  but  inasmuch  as  the  hydrolytic  procedure  has 
been  productive  of  the  more  satisfactory  results,  that  type  of  decompos- 
tion  procedure  alone  is  used  at  present.  This  hydrolysis  of  the  protein 
molecule  may  be  accomplished  by  acids,  alkalis,  or  superheated  steam, 
and  in  digestion  by  the  action  of  the  proteolytic  enzymes.  The  char- 
acter of  the  decomposition  products  varies  according  to  the  method 
utilized  in  tearing  the  molecule  apart.  Bearing  this  in  mind,  we  may 
saj'  that  the  decomposition  products  of  proteins  include  proteoses,  pep- 
tones, peptides,  carbon  dioxide,  ammonia,  hydrogen  sulphide,  and  amine 

'Some  investigators  regard  these  elements  as  contaminations,  or  conititueiits  of  some 
non-protein  substance  combined  witb  the  protein. 

=  The  terras  "degradation,"  "dissociation,"  and  "cleavage,"  are  often  lued  in  this  con- 
nection. 
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acids.  These  amioo  acids'  constitulv  a.  long  list  of  important  substances 
which  contain  nuclei  belonging  either  to  the  aliphatic,  carbocydic,  or 
heterocyclic  scries.  The  list  includts  Rlycocoll,  tUanitte,  serine,  phenyl- 
alanine, tyrosine,  cystine,  (ryptaphane.  hisHdine,  valine,  arginitte,  leucine, 
isoleucinc.  lysine,  asparltc  acid,  glutamic  acid,  proline,  oxyproline,  and 
diaminotrikydroxydadecanoic  add.  Of  these  amino  acids,  tjTosine  and 
phenylalanine  contain  carbocydic  nuclei:  histidinc,  proline,  and  trypto- 
I^iane  contain  heterocyclic  nuclei:  and  the  remaining  members  of  the 
list,  as  given,  contain  aliphatic  nuclei.  The  amino  adds  arc  prcgmi- 
neotly  the  most  important  class  of  protein  decomposition  products. 
These  amino  adds  are  all  a-aniino  adds,  and,  with  the  exception  of 
gtyoocoU,  are  ail  optically  active.  Furthermore,  lliey  are  amphoteric 
substances  and  consequently  are  able  to  form  salts  with  both  bases  and 
acid».  These  properties  arc  inherent  in  liie  XHj  and  COOH  groups  of 
the  amino  adds. 

The  decompu:«ition  products  of  protein  may  be  grouped  as  pri- 
mary and  secondary  decomposition  products.  By  primary  products  are 
meant  tho»e  which  exist  as  radicals  within  the  protein  molecule  and 
which  arc  liberated,  upon  cleavage  of  this  molecule,  with  their  carbon 
chains  intact  and  the  position  of  their  nitrogen  unaltered.  The  second- 
ary products  arc  those  which  result  from  the  disintegration  of  the 
primary  cleavage  products,  No  matter  what  method  is  used  to  de- 
compose a  given  protein  molecule,  the  primary  products  are  Uirgcly  the 
same  under  all  conditions.' 

In  the  process  of  hydrolysis  the  protein  molecule  is  gradually  broken 
down  and  less  complicated  aggregates  than  the  original  molecule  are 
formed,  which  are  known  as  proteoses,  peptones,  and  peptides,  and  which 
slill  possess  true  protein  characteristics.  Further  hydrolysis  causes  the 
ultinoate  transformation  of  these  substances,  of  a  protein  nature,  into  the 
amino  acids  of  known  chemical  structure.  In  this  decomposition  the 
protein  moh-tulc  is  not  broken  down  in  a  rcKular  manner  into  ^,  J^, 
J^  portions  and  the  amino  adds  formed  in  a  group  at  the  termination  of 
the  hydroh-sis.  On  the  contrary,  certain  amino  acids  arc  formed  very 
early  in  the  process,  in  fact  while  the  main  hydrolytic  action  has  pro- 
ceeded no  further  than  the  proteose  stage.  Gradually  the  complexity 
of  the  protein  portion  undergoing  decomposition  is  simplified  by  the 
splitting  off  of  the  amino  acids  and  finally  it  is  so  far  decomposed 
through  previous  cleavages  that  it  >iclHa  only  amino  acids  at  the 
succeeding  cleavage.  In  short,  the  general  i)lan  of  the  hydrolysis  of 
the  protein  molecule  is  similar  to  the  hydrolysis  of  starch.     In  the  case 

'For  a  diicuiuoa  ot  amino  acidi  tee  Undethill'i  "Ph>'»iiil<igy  of  .\mioi>  Acids."  Viilu 
Uaivcisitv  Ptcii.  Nov.,  1915. 

'  Alk&line  liydroljnis  yiddi  urta  and  erailliiue  n-liidi  ttsull  liom  ar(inin<,  the  ^wlw;.\  (A 
add  byilrol^rus. 
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of  starch  there  is  formed  a  series  of  dextrins  of  gradually  decreasing 
complexity  and  coinddently  with  the  formation  of  each  dextrin  a  small 
amount  of  sugar  is  split  oS  and  finally  nothing  but  sugar  remains.  In 
the  case  of  protein  hydrolysis  there  is  a  series  of  proteins  of  gradually 
decreasing  complexity  produced  and  coinddently  with  the  formation  of 
each  new  protein  substance  amino  acids  are  split  oS  and  finally  the  sole 
products  remaining  are  amino  acids. 

Inasmuch  as  diversity  in  the  method  of  decomposing  a  given  protein 
does  not  result  in  an  equally  diversified  line  of  decomposition  products, 
but,  on  the  other  hand,  yields  products  which  are  quite  comparable  in 
character,  it  may  be  argued  that  there  are  probably  well-defined  lines  of 
cleavage  in  the  individual  protein  molecule  and  that  no  matter  what  the 
force  brought  to  bear  to  tear  such  a  molecule  apart,  the  disintegration, 
when  it  comes,  will  yield  in  every  case  certain  definite  fragments. 
These  fragments  may  be  called  the  "building  stones"  of  the  protein 
molecule,  a  term  used  by  some  of  the  German  investigators.  Take,  for 
example,  the  decomposition  of  protein  which  may  be  brought  about 
through  the  action  of  the  enzyme  trypsin  of  the  pancreatic  juice. 
\\'hen  this  enzyme  is  allowed  to  act  upon  a  given  protein,  the  latter  is 
disintegrated  in  a  series  of  definite  cleavages,  resulting  in  the  formation 
of  proteoses,  peptones,  and  peptides  in  regular  order,  the  peptides  being 
the  last  of  the  decomposition  products  which  possess  protein  character- 
istics. They  are  all  built  up  from  amino  acids  and  are  therefore  dosely 
related  to  those  acids  on  the  one  side  and  to  peptones  on  the  other. 
We  have  di-,  Iri-,  tetra-,  penta-,  deca-,  and  poly-peptides  which  are 
named  according  to  the  number  of  amino  acids  included  in  the  peptide 
molecule.  Following  the  peptides  there  are  a  diverse  assortment  of 
monamino  and  diantino  acids  which  constitute  the  final  products  of 
the  protein  decomposition.  These  acids  are  devoid  of  any  protein 
characteristics  and  are  therefore  decidedly  different  from  the  original 
substance  from  which  they  were  derived.  From  a  protein  of  huge 
molecular  weight,  a  typical  colloid,  perhaps  but  slightly  soluble,  and 
entirely  non-dilTusible,  we  have  passed  by  way  of  proteoses,  peptones, 
and  peptides  to  a  class  of  simpler  crystalline  substances  which  are,  for 
the  most  part,  readily  soluble  and  diffusible. 

These  amino  acids  after  their  production  in  the  process  of  digestion, 
as  just  indicated,  are  synthesized  within  the  cells  of  the  organism  to 
form  protein  material  which  goes  to  build  up  the  tissues  of  the  body. 
It  is  thus  seen  that  the  amino  acids  are  of  prime  importance  in  the 
animal  economy.  It  was  formerly  believed  that  these  essential  factors 
in  metabohsm  and  nutrition  could  not  be  produced  within  the  animal 
organism  from  their  elements,  but  were  only  yielded  upon  the  hydrol- 
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ysis  of  ingested  protein  of  animal  or  vegetable  origin.  Experi- 
ments, however,  by  Abderhalden  and  by  Grafe  and  SchlSpfer  and 
others  indicate  that  the  nitrogen  of  food  protein  may  in  part  be  re- 
placed by  ammonium  salts.  Experiments  by  Osborne  and  others 
also  indicate  amino  add  synthesis  by  animals. 

Important  data  regarding  the  decomposition  products  of  the  protein 
molecule  are  given  in  the  tables  which  follow. 


COMPARISON  OF  THE  DECOMPOSITION  PRODUCTS  OF  PROTAMINES,  AND 

OTHER  PROTEINS. 
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When  we  examine  the  formulas  of  the  principal  members  of  the 
crystalline  end-products  of  protein  decomposition  we  note  that  they  are 

'Kossd:  Ztil.  physiol.  Chem.,  44,  347,  1905. 

•Osborne  and  Guest:  Jaur.  Biol.  Chem.,  9,  425,  1911. 

'Abderhalden,  Kossel  and  others. 

'Abderhalden.  Fischer,  Miirner  and  others. 

'Fischer,  Leveue  and  Aders:  Zfil.  pkysiot.  Chtm.,  js,  70,  1902;  also  Levene  and 
BeiUy:  Ihid.,  49,  35^1  IQ06. 

'Abderhalden:  Zeit.  physiol.  CAem.,  37,  4B4,  1903. 

'Osborne  andLiddle,  Am.  Jour.  Physiol.,  26,  795,  igio. 

•This  unique  and  important  protein  has  probably  been  more  carefully  analywd 
tliu  uy  other. 
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invariably  acids,  as  has  already  been  mentioned,  and  contain  an  NHt 
group  in  the  a  position.  This  relation  of  the  NHi  group  to  the  add  radi- 
cal is  constant,  no  matter  what  other  groups  or  radicals  are  present.  We 
may  have  straight  chains  as  in  alanine  and  glutamic  add,  the  benzene 
ring  as  in  phenylalanine,  or  we  mayhave  sulphurixed bodies  as  in  cystine 
and  still  the  formula  is  always  of  the  same  type,  i.e., 

NHa 

R— CH— COOH 

It  is  seen  that  this  characteristic  grouping  in  the  amino  add  provides 
each  one  of  these  ultimate  fragments  of  the  protein  molecule  with  both  a 
strong  acid  and  a  strong  basic  group.  For  this  reason  it  is  theoretically 
possible  for  a  large  number  of  these  amino  acids  to  combine  and  the  re- 
sulting combinations  may  be  very  great  in  number,  since  there  is  such 
a  varied  assortment  of  the  adds.  The  protein  molecule,  which  is  of 
such  mammoth  proportions,  is  probably  constructed  on  a  foundation  of 
this  sort.  Much  valuable  data  have  been  collected  regarding  the  syn- 
thetic production  of  protein  substances,  the  leaders  in  this  line  of  in- 
vestigation being  Fischer  and  Abderhalden.  After  having  gathered  a 
mass  of  data  regarding  the  final  products  of  the  protein  decomposition 
and  demonstrating  that  amino  adds  were  the  ultimate  results  of  the 
various  forms  of  decomposition,  these  investigators,  and  notably 
Fischer,  set  about  in  an  effort  to  form,  from  these  amino  adds,  by 
synthetic  means,  substances  which  should  possess  protein  character- 
istics. The  simplest  of  these  bodies  formed  in  this  way  was  synthesized 
from  two  molecules  of  glycocoll  with  the  liberation  of  water,  thus: 

CH,-(NHi)-CO  OH  H  HX-CH.-COOH. 

'Yhe  body  thus  formed  is  a  dipepiide,  called  glycyl-glydne.  In  an  analo- 
gous manner  may  be  produced  leucyl-lcucinc,  through  the  synthesis  of 
two  molecules  of  leucine  or  leiicylHilunyl-glydne  through  the  union  of  one 
molecule  of  leucine,  one  of  alanine,  and  one  of  glycocoll.  By  this  pro- 
cedure Fischer  and  his  pupils  have  been  able  to  make  a  large  number  of 
peptides  containing  varied  numbers  of  amino  acid  radicals,  the  name 
polypeptides  being  given  to  the  whole  group  of  sjnthetic  substances  thus 
formed.  One  of  the  most  complex  polypeptides  yet  produced  is  one 
containing  fifteen  glycocoll  and  three  leucine  residues. 

Notwithstanding  the  fact  that  most  synthetic  polj-peptides  are  pro- 
duced through  a  union  of  amino  acids  by  means  of  their  imide  bonds,  it 
must  not  be  imagined  that  the  protein  molecule  is  constructed  from 


ids  linked  together  m  straight  chains  in  a  manner  analogous  to 
the  formation  of  simple  peptides,  such  as  glycyl-glycine.  The  molecular 
structure  of  the  proteins  is  much  too  complex  to  he  explained  upon  any 
I  sucli  simple  formation  as  that.  There  must  be  a  variety  of  linkin^rs. 
since  there  b  a  varied  a&sortment  of  decomposition  products  of  totally 
different  structure. 

kMany  of  these  synthetic  bodies  respond  to  the  biuret  test,  are  prc- 
pitated  by  phusphotungstic  acid,  and  behave,  in  other  waj'S,  as  to 
ave  no  doubt  as  to  their  protein  characteristics.     For  instance,  a 
number  of  amino  adds  each  posscs&inf;  a  sweet  taste  have  been  sj*n- 
^^he&izcd  in  such  a  manner  as  to  yield  a  polypeptide  of  biUer  taste,  a 
^prell-knon-n  characteristic  of  peptones.     From  the  fact  that  the  poly- 
peptides formed  in  the  manner  indicated  have  free  acidic  and  basic 
radicals  we  gather  the  explanation  o(  the  amphoteric  character  of  true 
^oroteins. 

^B  For  the  benefit  of  those  especially  interested  in  such  matters  a  photo- 
^p-aph  of  the  Fischer  apparatus  (Fig.  24,  page  75)  used  in  the  fractional 
distillation,  in  -.ticiu/,  of  the  esters  of  the  decomposition  products  of  the 
proteins,  as  well  as  micro-photographs  and  drawings  of  preparations  of 
several  of  these  decomposition  products  (Figs.  31  to  33,  i>agcs  72  to  84) 
are  introduced.  For  the  preparations  and  the  photograph  of  the  appa- 
ratus the  author  is  indebted  to  Dr.  T.  B.  Osborne,  of  New  Haven,  Conn., 
who  has  made  many  important  obser\-ations  upon  the  hydrolysis  of 
proteins.  The  reproduction  of  the  crystalline  form  of  some  of  the  more 
recent  of  the  products  may  be  of  interest  to  those  viewing  the  field  of 
physiological  chemistry  from  other  than  the  student's  aspect. 

An  extended  discussion  of  the  various  decomposition  products  being 
out  of  place  in  a  boob  of  this  character,  we  wilt  simply  make  a  few  genera] 
statements  in  connection  with  the  primary  decomposition  products. 

DISCUSSION  OF  THE  PRODUCTS 

Ammonia,  NHj, — Ammonia  is  an  important  decomposition  product 
oJ  all  proteins  and  probably  ari.'%es  from  an  amide  group  combined 
»ith  a  carboxyl  group  of  some  of  the  amino  acids.  It  is  possible  that  the 
dibasic  acids,  aspartic  and  glutamic,  furnish  most  of  these  carboxyt 
groups.  This  is  indicated  by  the  more  or  less  dose  relationship  which 
exists  between  the  amount  of  ammonia  and  that  of  the  dibasic  adds 
Thich  the  several  proteins  yield  upon  dccompo^tiou.  The  elimination 
of  the  ammonia  from  proteins  under  the  action  of  adds  and  alkalis  is 
Very  similar  to  that  from  amides  like  asparagine. 

GlycocoU,  CHi-(XHi)CO0H.— Glycocoll,  or  amino  acetic  ac«l,\fc 
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the  simplest  of  the  amino  acids  which  occurs  as  a  protein  decompotiiion 
prodiKt^  and  has  the  fallowing  formula: 

I 
H— C— COOH. 

I 
H 

Glycocoll,  as  tlie  formula  shows,,  contains  no  asymmetric  carbon  atom, 
and  is  tlic  only  amino  acid  yielded  by  protein  decomposition  which  is 
oplicaiiy  inactive.  Cilycocolt  and  leucine  were  among  the  first  decom- 
position products  of  proteins  to  bv  discovered.  Upon  administering 
l>eDZoic  acid  to  man  or  lower  animals  the  output  of  hippuric  acid  in  the 


k 


Fic.  31. — Glycocoll  Estxr  nvuRocinoNiDK. 

urine  is  greatly  increased,  thus  showing  a  synthesis  of  benzoic  acid  and 
glycocoll  in  the  organism  (see  page  585,  Chapter  XXVII).  Glycocoll, 
ingested  in  small  amount,  is  excreted  in  the  urine  as  urea,  whereas  if 
administered  in  excess  it  appears  in  part  unchanged  in  the  urine.  It  is 
usually  scparatcti  from  the  mixture  of  protein  decomposition  products 
as  the  hydrochloride  of  the  ester.  The  crystalline  form  of  this  com- 
pound is  shown  in  Fig.  21. 

Alanine,  CHiCH(NHj)COOH,— Alanine  is  «-flmiNtf-^M^ioM»c<n:trf,_ 
and  as  such  it  may  be  represented  structurally  as  follows: 

H    NH, 

H— C— C— COOH. 

1      I 
H    H 

'  Amino  (ormic  odd  (aLrhnmii:  ocid),  NHfCOOH.  It  iht  timpUtl  imino  acid. 
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Obtained  from  protein  substances,  alanine  is  dextro-rotatory,  is  very 
soluble  in  water,  and  possesses  a  sweet  taste.  Tyrosine,  phenylalanine, 
cystine,  and  serine  are  derivatives  of  alanine.  This  amino  acid  has  been 
obtained  from  nearly  all  proteins  examined.  Its  absence  from  those 
proteins  from  which  it  has  not  been  obtained  has  not  been  proven. 
Most  proteins  yield  relatively  small  amounts  of  alanine. 

Serine,  CH,(OH)CH{NHi)COOH.— Serine  is  a-amino-^-hydroxy- 
fropionic  acid  and  possesses  the  following  structural  formula: 

OHNH, 
H— C— C— COOH. 

H    H 

Serine  obtained  from  proteins  is  levo-rotatory,  possesses  a  sweet  taste, 
and  is  quite  soluble  in  water.     Serine  is  not  obtained  in  quantity  from 


Fio.  ii. — Sehine. 

most  proteins,  but  is  yielded  abundantly  by  silk  glue.  Owing  to  the 
difficulty  of  separating  serine  it  has  not  been  found  in  a  number  of 
proteins  in  which  it  probably  occurs.     Serine  crystals  are  shown  in  Fig. 

22. 

Phenylalanine,  C»H(CHsCH{NH2)C00H.— This  product  is  (3- 
pkenyl-a-amino- propionic  acid,  and  may  be  represented  graphically  as 
follows: 

H    NHj 

C— C— COOH. 


H    H 
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The  levo-rotatory  form  is  obtained  from  proteins.    Phenylalanine  liii 
been  obtained  from  all  the  proteins  examined  except  from  the  pro- 
tamines and  some  of  the  albuminoids.     The  yield  of  this  body  from  tlic 
decomposition  of  proteins  is  frequently  greater  than  the  yield  of  tyroane. 
The  crj-stalline  form  of  phenylalanine  is  shown  in  Fig.  35. 

Tyrosine,  C»H»(.OH)CH,CHCNHi)COOH.— Tyrosine,  one  of  th( 
first  discovered  end-products  of  protein  decomposition,  is  the  amiii.* 
add,  p-hydroxy-P-pkenyi-a-amino-propionic  acid  or  hydroxy  phtnj^aUM 
nine.    It  has  the  following  formula: 

H    NH, 

I      I 

C— C— COOH. 


The  tyrosine  which  results  from  protein  decomposition  is  usually  levo- 
rotatory.  Tyrosine  is  one  of  the  end-products  of  tryptic  digestion  and 
usually  separates  in  conspicuous  amount  early  in  the  process  of  diges- 


TlC.   2  3  ■ — P«  EN  VL Al. ANI N  E . 

tion.     It  does  not  occur,  however,  as  an  tnd-product  of  the  decompo»- 
tion  of  (gelatin. 

Tyrosine  is  found  in  old  cheese,  and  derives  its  name  from  this  fact- 
It  crystallizes  in  tufts,  sheaves,  or  balls  of  fine  needles,  which  decompose 
at  295°C.  and  arc  sparingly  soluble  in  cold  (1-2454)  water,  but  much 
more  so  in  boiling  (1-154)  water.  Tyrosine  forms  soluble  salts  with 
alkalis,  ammonia,  or  mineral  acids,  and  is  soluble  with  difficulty  in 
acetic  acid.     It  responds  to  Millon's  reaction,  thus  showing  the  presence 
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The  hydroxyphcnyl  group,  but  gives  no  other  protein  test.  The  aro- 
matic groups  present  in  tyrosine,  phenylalanine,  and  tr>'ptophane  cause 
proteins  to  yield  a  [lositive  xantlioproteic  reaction.  In  severe  cases  of 
typhoid  fc%'er  and  smallpox,  in  acute  yellow  atrophy  of  the  liver,  and  in 


til.,    J4.— I-ISCHIK  A^PAKATUS, 

RcfkroduMd  from  ■  phntogrnph  made  bj-  Prof,  E.  T.  RrJdicrl,  of  the  VQJvcruty  of  Pcnn- 
tjinrnt.    The  nrcatU-c  tn»  (utni^lied  by  Dr,  T.  B,  Osburnc,  o(  Ntw  HaiTO,  Conn. 

A,  Tanl  intu  which  frtciini;  mixlurt  is  pumped  and  from  which  it  flows  IhiouRh  the 
WadoMer,  B;  C,  flask  ftom  whirh  tbcuicnarcaUtitlcd,  the  dittilkic  being  collected  in  D; 
^•DcwKT  ink  cooUininjt  lirt<''<^  *■'  *rrvlng  u  a  cooler  (or  rondcnung  labcF;  CandC, 
cubes  tevlinK  to  the  Geryck  jiuiup  by  which  tD«  vacuum  iimoiulained;  7,  tube  Icadiu*  lo  a 
Mcl«od  KBUg«  (not  ihown  in  figure):  J,  a  bath  canioining  freenns  mixture  in  nhicb  the 
receiver  1)  is  immmod;  JC,  a  bath  oi  walcr  during  Ihr  first  ^orl  of  the  diitUlUtion  and  nf 
(d  during  the  last  p&rt  of  the  ;>t(kcu;  i-j,  aiup  i:iKki  winch  permit  the  cutiiiiK  out  u( 
dEflmnt  parts  of  the  apparatus  as  the  procedure  clFmanili. 


acute  phosphorus  poisoning,  tyrosine  has  been  fuund  in  the  urine. 
TjTOsine  crj'stals  arc  shown  in  Fig.  25,  page  76. 

Cystine,  CtHuOiNiSj.— Friedmann  has  shown  cystine  to  be 
a-dicmino'8-dilhiolaclyl  acid  and  to  possess  the  following  structural 
formula : 


J 
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CH,S— SCHj 

I  1 

CHNHi   CHXHi. 

I  I 

COOH      COOH 


F:o.  »j.— TvnonxK. 

Cj-stinc  is  thf  priiici|)al  sulphur-containing  body  obtained  from  the 
decompofution  of  protein  substances.  It  is  obtained  in  greatest  amount 
as  a  decomposition  product  of  keratin- containing  Ussucs  as  born,  hoof. 


Fio.  a<. — Ctstiks. 


i 


and  hair.  Cystine  occurs  in  small  amount  in  normal  urine  and  is 
greatly  increased  in  quantity  under  certain  pathoUigital  conditions.  It 
crj-stallizcs  in  thin,  colorless,  hexagonal  plates  which  are  shown  in  Fig. 
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26.     Cystine  is  very  slightly  soluble  in  wnter  but  its  salts,  with  both 
bases  and  actds,  are  readily  soluble  in  water.     It  is  levo-rotatory. 

It  was  formerly  claimed  that  c>-stinc  occurred  in  two  forms,  ix., 
stone^'Stine  and  protein-cystine,  and  that  these  two  forms  are  dUlinct 
in  their  properties.    This  view  is  incorrect. 

For  the  preparation, of  cystine  from  wool  or  hair  ?ee  page  87. 
^—    For  a  discussion  of  c>'stinc  sediments  in  urine  see  Chapter  XXIV. 
■  Tryptophane,    C8H*N-CHj-CH{NH,)-C0OH.— Recently    Eiling«r 
and  Flamand  have  shown  that  tryptophane  possesses  the  following 
formula: 

C-CH,CH(NH,)  COOH 

CH 
NH 

I&  therefore  6-indol-a-amino- propionic  acid.     Tyryphanc  is  the 

o\htT-subitatuc  oj  indole,  skatok,  skalale  acetic  acid  and  skatolc  carboxylic 

i,  all  of  which  are  formed  a;^  secondary  decomposition  products  of 

proteins  (sec  Chapter  XIIT  on  Putrefaction  Products).    Its  presence 

in  protein  substances  may  be  sliown  by  means  of  the  Hopkins-Cole 

reaction  (sec  page  98).     It  may  be  detected  in  a  tryptic  fligestion  niix- 

itite  through  ita  properly  of  giving  a  violet  color  reaction  with  bromine 

»»!«.'     Tr)T>tophane  is  >-iel<led  by  nearly  all  proteins,  but  has  been 

diinrs  to  be  entirely  ahsenl  from  zein.  the  prolarain  (alcohol-soluble  pro- 

^.leiii)  of  maize  and  also  from  gelatin. 

Axording  lo  Osborne  and  Mendel,'  tryptophane  is  present  in  maxi- 
lamount  in  laclalbumin.     Upon  being  heated  to  sS5°C.  trytophane 

jscs  with  the  evolution  of  gas. 
Histidine,  CiH,N,CH,-CH(NH,)-COOH.— Histidine  is  t^amino- 
^■inidazoi- propionic   acid    or   ff-imidaZol-alanine   with    the    following 
luctural  formula: 

H    NH) 


HC 


c-c- 


COOH. 


H    H 


H.\        X 

CH 

The  histidine  obtained  from  proteins  is  levo-rotaiory.     U  has  been 
lined  from  all  the  proteins  thus  far  examined,  the  majority  of  them 
yielding  about  2.5  per  cent  of  the  amino  acid.     However,  about  11  per 

'  KunJES:  Zfil.  phytiel.  Ckem.,  36,  sot,  iSgS--^.  ' 

*0^>ornc  and  Mendel:  Jaur.  Biol.  Ckem.,  lo,  ^57,  IQtS. 
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cent  was  obtained  by  Abdcrhaldt-n  from  ^lobin,  the  protein  constituent 
of  oxyhemoglobin,  and  about  13  per  cent  by  Kossel  and  Kutscher  from 
the  protamine  sturine. 

Crystals  of  histidinc  dichloride  arc  shown  in  Fig.  97. 

Knoop's  Color  RenctioD  for  HiKtidine.-  To  nn  nqueous  solution  of  histidiu 
or  ■  histidine  eaII  in  a  test-tubp  add  a  Utll«  bromine  water.  A  jellow  colontieo 
dcTelops  in  the  colil  and  upon  further  addition  of  t>roinii]c^  water  becomes  jwnU' 
nent.  If  the  lube  be  bcalcd,'  the  color  will  disappear  and  will  shortly  be  re- 
placed bj  n  faint  red  coloration  which  grtidually  passes  into  a  deep  wine  red. 
Usually  blade,  amorphous  particles  separate  out  and  the  solution  beconue 
turbid. 

The  reaction  cannot  be-  obtained  in  solutions  containing  free  alkali. 
It  is  best  to  Uic  iuch  an  amount  of  bromine  a»  will  produce  a  pvrmanoit 


yellow  color  in  the  cold.  The  use  of  a  less  amount  of  bromine  than  this 
producer  a  weak  coloration,  whereas  an  excess  of  bromine  prevents  the 
reaction.  The  test  is  not  very  delicate,  but  a  characteristic  reaction 
may  alwavii  be  obtained  in  i  :  lOoQ  solutions.  The  only  histidine  de- 
rivative which  yields  a  similar  coloration  is  imidazolcthytamine,  and 
the  reaction  in  this  case  is  rather  weak  as  compared  with  the  color  ob- 
tained with  histidine  or  histidine  salts. 

Valine,  CiHnNOj.-  -The  amino-valerianic  add  obtained  from 
proteins  is  a^amino-isovalcrianic  acid,  and  as  such  bears  the  following 
formula: 

CH,  NHs 

I         I 
H— C— C— COOH. 

CH,   H 

*  Tbe  same  reaction  nil!  like  pince  in  ihc  cold  more  itowly. 
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U  closely  resembles  leudne  in  many  of  its  properties,  but  is  more  soluble 
in  water.  It  is  a  difficult  matter  to  identify  valine  in  the  presence  of 
leudne  and  isoleucine  inasmuch  as  these  amino  acids  crystallize  together 
in  such  a  way  that  the  combination  persists  even  after  repeated  recrys- 
tallizations.    Valine  is  dextro-rotatory. 

Arginine,  CsHnNtOi. — Arginine  is  B-guanidine-a-amino-valerianic 
odd  and  possesses  the  following  structural  formula : 

H    H    H    NHi 
NH— C— C— C— C— COOH. 
NH-C       H    H    H    H 

NHj 

It  has  been  obtained  from  every  protein  so  far  subjected  to  decomposi- 
tion. The  arginine  obtained  from  proteins  is  dextro-rotatory,  and  has 
pronounced  basic  properties,  reacts  strongly  alkaline  to  litmus,  and  forms 
stable  carbonates.  Because  of  these  facts,  Kossel  considers  arginine  to 
be  the  nucleus  of  the  protein  molecule.  It  is  obtained  in  widely  different 
amounts  from  different  proteins,  over  85  per  cent  of  certain  protamines 
having  been  obtained  in  the  form  of  this  amino  acid.  It  is  claimed  that 
in  the  ordinary  metabolic  activities  of  the  animal  body  arginine  gives 
rise  to  urea.  While  this  claim  is  probably  true,  it  should,  at  the  same 
time,  be  borne  in  mind  that  the  greater  part  of  the  protein  nitrogen  is 
eliminated  as  urea  and  that,  therefore,  but  a  very  small  part  can  arise 
item  arginine. 

leucine,  CbHuNOs. — Leucine  is  an  abundant  end-product  of  the 
decomposition  of  protein  material,  and  was  one  of  the  first  of  these 
products  to  be  discovered.  It  is  a-amina-isobittyl-acetic  acid,  and 
therefore  has  the  following  formula: 

CH,     NH, 
H— CCHi  C— COOH, 

CHi     H 

Ihe  leucine  which  results  from  protein  decomposition  is  /-leucine, 
I*udne  is  present  normally  in  the  pancreas,  thymus,  thyroid,  spleen, 
brain,  liver,  kidneys,  and  salivary  glands.  It  has  been  found  patholog- 
iwfly  in  the  urine  (in  acute  yellow  atrophy  of  the  liver,  in  acute  phos- 
phorus poisoning,  and  in  severe  cases  of  typhoid  fever  and  smallpox), 
Uid  in  the  liver,  blood,  and  pus. 
Pure  leucine  crystallizes  in  thin,  white,  hexagonal  plates.     Crystals 
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of  pure  leucine  are  reproduced  in  Fig.  28.  It  is  rather  easily  soluble  in 
water  (46  parts),  alkalis,  ammonia,  and  adds.  On  rapid  heating  to 
295°C.,  leucine  decomposes  with  the  formatioa  of  carbon  dioxide,  ammo- 
nia, and  amylamine.  Aqueous  solutions  of  leucine  obtained  from  pro- 
teins are  levo-rotatory,  but  its  add  or  alkaline  solutions  are  dextro- 
rotatory. So-called  impure  leudne'  is  a  slightly  refractive  substance, 
which  generally  crystallizes  in  balls  having  a  radial  structure,  or  in 
aggregations  of  spherical  bodies.  Fig.  139,  Chapter  XXIV. 

Isoleudne,  CaHi»NOi. — Isoleudne  is  a-amino-0-metkyl-P-ethyl-pr6- 
pionic  acid,  and  possesses  the  following  structural  formula* 

CHj     NHt 

I  I 

H— C     •     C— COOH. 

CHs    H 


Fig.  j 8— Leucine. 

This  amino  acid  was  discovered  by  Ehrlich  in  1903.  Its  prescnceliu 
been  established  among  the  decomposition  products  of  only  a  few  pro- 
teins, although  it  probably  occurs  among  those  of  many  or  most  of  them- 
Ehrlich  has  shown  that  the  d-amyl  alcohol  which  is  produced  by  ye**' 
fermentation  originates  from  isoleucine  and  the  isoamylalcohol  origi- 
nates from  leucine.     Isoleucine  is  dextro-rotatorj'. 

Lysine,  CH2(XH.)CH:CH2CHi-CH(XH,)COOH.— The  three 
bodies,  lysine,  arginine,  and  histidine,  are  frequently  classed  togethH 
as  the  hexone  bases.  Lysine  was  the  first  of  the  bases  discovered.  1' 
is  a-t-diamino-caproic  acid  and  hence  possesses  the  following  structure* 

'  These  balls  of  so-called  impure  leucine  do  Contain  lonsiderable  leucine,  but  inwO"** 
a^they  may  contain  many  other  things  it  i<  a  had  practice  to  ;iUude  to  themuIcMtM 


cr-5ubstance  of  cadaverin  and  has  never  been  obtained  in 
i  form.  L>'sinc  is  usually  obtained  as  the  picratc  wtiich  is 
sduble  in  water  and  crystallizes  readily.    These  crystals  are 

Fig.  39. 
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Aspartic  Acid,  CiHtNO^. — Aspartic  acid  is  amino-sticcinic  acid  and 
has  the  following  structural  formula: 

NHt 

1 
H— CCOOH 

I 

H— CCOOH. 

I 
H 

The  amide  of  aspartic  acid,  asparagine,  is  very  widely  distributed 
in  the  vegetable  kingdom.    Asparagine  has  the  following  formula. 

NH, 
H— CCOOH 

H— CCO(NHi). 

H 

The  crystalline  form  of  aspartic  acid  is  exhibited  in  Fig.  30. 

Aspartic  acid  has  been  found  among  the  decomposition  products  of 
all  the  proteins  examined,  except  the  protamines. '  It  has  not  been  ob- 
tained, however,  in  very  large  proportion  from  any  of  them.  The 
aspartic  acid  obtained  from  protein  is  levo-rotatory. 

Glutamic  Acid,  CjH(NO(.— This   acid  is  a-amino-normal-glularic 
acid  and  as  such  bears  the  following  graphic  formula: 

NHs 

H— CCOOH 

H— C— H 

I 
H— CCOOH. 

H 

Glutamic  acid  is  yielded  by  all  the  proteins  thus  far  examined» 
except  the  protamines,  and  by  most  of  these  in  larger  amount  tb*** 
any  other  of  their  decomposition  products.  It  is  yielded  in  espedaUy 
large  proportion  by  most  of  the  proteins  of  seeds,  43.66  per  cent  having 
been  obtained  by  Osborne  and  Guest'  by  the  hydrolysis  of  gliadin,  tb-^ 
prolamin  of  wheat.  This  is  the  largest  amount  of  any  single  decompO" 
sition  product  yet  obtained  from  any  protein  except  the  protamines. 

'  Osborne  and  Guest:  Jour.  Biul.  C/ieni,   g,  425,  1911. 
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Glutamic  acid  and  aspartJc  acid  are  the  only  dibasic  acids  which 
have  thus  far  been  obtained  a^  decomposition  products  of  proteins.  As 
there  is  an  apparent  relation  between  the  proportion  of  these  acids 
and  that  of  ammonia  which  the  different  proteins  yield  it  is  po^iblc 
that  one  of  the  carboxyl  groups  of  llicsc  acids  is  united  will)  XHi  as 
an  amide,  the  other  carbox}'!  group  being  united  in  polypeptide  union 
(see  page  32)  with  some  other  amino  acid.    This  might  be  represented 

iy  the  following  formula: 
R— CHNH— COOH 
CO— CHNHr-CH,— CHi— CONH,. 
It  has  been  shown  by  TTiierfclder  and  Sherwin'  that  the  amide, 
glutaminc,  is  a  product  of  norma]  metabolism  and  hence  thi&  substance 
niiher  than  glutamic  acid  is  present  in  the  protein  molecule. 


Tta.  31. — (;ii  J  i-'ir   AoD. 
teproducccKromamUTa-photograph  ttiHilr  i,.  iVi  1  E.  T.  K«!ch«rl,  of  [he  Univcnity 

j o(  Piiin>yl',,iiiji. 

^^     The  glutamic  acid,  yielded  by  proteins  upon  hydrolysis,  is  dexlro- 
'*latory.     Crystals  of  glutamic  acid  arc  reproduced  in  Fig.  51. 

Pnrfine,    C»H»NOj.— Proline    is    ct-pyrrolidinecarboxylic  acid  and 
>sesf>efi  the  following  graphic  structure: 
HiC        CHj 


HiCl     JCHCOOH. 

XH 

Snc'was  first  obtained  as  a  decomposition  product  of  casein.    Pro- 
*  lUttfelder  uid  Sbemtn:  Ztit.  Phytiol.  Chrmit.,  94>  1,  i^iS- 
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line  obtained  from  proteins  is  levo-rotatory  and  is  the  only  protein  de- 
composition product  which  is  readily  soluble  in  alcohol.  It  is  also  oneof 
the  few  heterocyclic  compoimds  obtained  from  proteins.  Proline  has 
been  found  among  the  decomposition  products  of  all  proteins  except  the 


Fig.  31. — LE\-o-a-pROLiNE. 

protamines.  The  maximum  >'ield  reported  is  13.73  P^f  cent  obtuned 
by  Osborne  and  Clapp  from  the  hydrolysis  of  hordein.  Fischer  and 
Boehner'  have  obtained  7.7  per  cent  from  the  hydrolysis  of  gelatin. 


Fir.,   y. — OiPi"F.R  Salt  of  PmiLiNt;. 
Rcprurluieil  from  a  micri>-[ihnli>graph  maik  hy  I'ri)f.  E.  T.  Rcichcrt,  at  the  Universilyof 

I'rnnsyivania. 

The  crystalline  form  of  Ici'o-a-proliiic  is  shown  in  Fig.  32  and  the 
copper  salt  of  proline  is  represented  by  a  micro-photograph  in  Fig.  33. 
The  crystals  of  the  copper  salt  have  a  deep  blue  color,  but  when  they 

'  riscinT  and  liochner:  Zeit.  pliys.  clirm.,  fi$,  iiS.  i(»io. 
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lose  thdr  water  of  cr>'stalIizat)on  they  assume  a  characteristic  violet 

tolot. 
Oxyproline,   C(H»NOj. — Oxyprolinc  was  discovered   by   Fischer, 

It  h&s  as  yet  Uecu  obtained  from  oi)l>'  a  few  proteins,  but  this  may  be 

due  to  the  fact  that  only  a  few  have  been  examined  for  its  presence. 

The  position  of  the  hydroxyl  group  has  not  yet  been  established. 

Diaminotrihydrozydodecancric  Acid*  CuHiiNiOi. — This  amino  add 
»-is  discover^  by  Fischer  and  Abderhalden  as  a  product  of  the  hydro- 
lyus  at  casein.  It  has  thus  fai  been  obtained  from  no  other  souice. 
Il  is  levo-rotatory  and  its  coiuititution  has  not  been  determined. 


ExPKRlMKNiS 


I  Protein  Decomposition.— While  thcordinarycoursesinphj-siological 

^k  thcmistry  preclude  any  extended  study  of  the  decomposition  products 
^Kii  proteins,  the  manipulation  of  a  simple  decomposition  and  the  sub- 
^'stquent  isolation  and  study  of  a  few  of  the  products  most  easily  and 
I  quickly  obtained  will  not  be  without  interest.'  To  this  end  the  student 
H  nay  use  the  following  decomposJtion  procedure. 

r^        Treat  the  protein  ^coagulated  egg  albumin)  in  a  Urge  flask  with  water  ccn- 
ttifliog  3'S  per  cent  of  U^SOt  and  place  ll  on  a  water-bath  until  the  protein  ma- 

'  tnial  has  been  decomposed  and  there  remains  a  fine,  RaSj,  insoluble  residue. 
FiJtei  off  this  residue  and  neutralize  the  filtrate  with  BalOHOi  and  BaCOi. 
Filler  ofi  the  precipitate  of  BaSO.  which  forms  and  when  certain  that  the  fluid  is 
neutral  or  faintly  acid,*  concentrate  (first  on  a  wire  gauze  and  later  on  ■  water- 
bath!  to  a  syrup.  This  syrup  contains  the  end-products  of  the  decomposition  of 
the  protein,  among  which  are  proteoses,  peptones,  tyrosine,  leucine,  etc.  Add 
95  per  cent  alcohol  slowly  to  the  warm  syrup  until  no  more  precipitate  forms, 
•tlfTing  continuously  with  a  glass  rod.  This  precipitate  consists  of  proteoses  and 
peptones.  Gather  the  sticky  predpitale  on  the  rod  or  the  sides  of  the  dish  and, 
after  warming  the  solution  gently  for  a  few  moments,  filler  il  through  a  filler 
paper  which  has  not  been  previously  moistened.  After  dissolving  the  precipi- 
tate of  proteoses  and  peptones  in  water'  the  solution  may  be  treated  according  to 
the  method  of  separation  given  on  page  120. 

The  leucine  and  tyrosine,  etc.,  are  in  solution  in  the  warm  alcohoUc  filtrate. 
Concentrate  this  filtrate  on  the  water -bath  to  a  thin  syrup,  transfer  il  to  a  beaker, 
and  allow  il  to  stand  over  night  in  a  cool  place  for  crystallization.  The  tyrosine 
first  crystalhzos  (Fig.  25,  page  76),  followed  later  by  the  formation  <rf  characteristic 

'  Tbe  p[>K«dur«  here  Mt  Ivtlli  lui  iiotLiuK  iii  LUoimon  with  the  procedure  by  meaui 

[      ei  wUcb  the  kng  fine  of  dKonpodtian  products  just  enumerated  arc  obtained.    TtJi 

tuicr  prootM  is  an  exoredindr  oonplicated  one  which  h  cnllrcly  ouuide  the  province  of 

any  cocme  inph^rsioloKical  (-ciciiiiMry. 

Mdution  a  alkoliac  in  reactii 


■  If  the  (olution  ia  alkoliac  in  reaction  at  this  pout,  the  amino  ocida  will  be  broken 
down  and  ammonia  will  be  evolved. 

■  At  thla.poini  itw  noucoua  Mluilon  ol  Ihe  proteoses  and  peptonM  may  be  Glttrtd  to 
rentore  any  BaSOi  wkiui  may  *liU  (craaia.  Tyrusinv  crystal*  will  alM  be  found  here, 
tinre  It  is  le«  *olubIe  than  the  leudnc  and  mitv  adhere  to  the  proicoK- peptone  precipitate. 


^^ddlh 
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ciystals  of  impure  leucine  (sec  Fig.  139,  Chapter  XXIV).  After  extunininc  th.«se 
cryslAlfi  under  the  mJCfOMOpe,  stralu  off  the  cty&talliiie  material  through  S« 
muslin,  heat  it  gently  in  *  littie  water  to  dissolve  the  leucine  (the  tjrroEuic  will  be 
practtcally  insoluble)  «ad  filter.  CoiKentrate  the  filtrate  and  allow  it  to  stand  in  ■ 
cool  place  over  night  for  the  crude  leucine  to  crrttallize.  niter  oil  the  ciTitilt 
and  use  them  tn  the  tests  for  leucine  given  on  page  87.  The  CTyGlals  of  tyr06iM 
remaining  on  the  paper  from  tlie  first  flltration  may  be  taed  in  the  texts  for  tjro' 
sine  as  given  below.  If  desired,  the  tyrosine  and  leucine  may  be  purified  b; 
recrystaUliing  In  the  usual  maiuier.  Rabermann  has  suggested  a  method  «t 
separating  leucine  and  tyrosine  by  means  of  glacial  acetic  add. 

Experiments  on  Tyrosine 

Make  the  following  tests  with  the  tyrosine  crystals  prepared 
the  above  experiments,  or  upon  those  obtained  during  the  preparation 
of  cystine  (see  page  87),  or  upon  some  pure  tyrosine  furnished  by  ttx 
instructor. 


rwbe  00  a  lEd^H 


I.  Microsc{tnlcal  Exandnadon. — Place  a  minute  crystal  of  tyrosine  < 
add  a  drop  of  water,  cover  with  a  cover-glass,  and  examine 
Now  run  more  water  under  the  cover-gloss  and  warm  in  a  Buosen  flame  until  the 
tyrosine  has  dissolved.     Allow  the  solution  to  cool  slowly,  then  examine  again 
microscopically,  and  compare  the  crystals  with  those  ^own  in  Fig.  35,  page  76. 

3.  Solubility.— Try  the  solubility  of  very  small  amounts  of  tyrosine  in  cold  and 
hot  water,  cold  and  hot  95  per  cent  alcohol,  dilute  TtHiOH,  dilute  KOH  and  dilute 
HCl. 

3.  Sublimation. — Place  a  little  tyrosine  in  a  dry  test-tube,  heat  gently  and 
notice  that  the  material  does  not  sublime.  How  does  this  compare  with  tlie 
result  of  Experiment  3  under  Leucine? 

4.  Hnffmnn's  Reaction.— This  is  the  name  given  to  Millon's  reaction  when 
employed  to  detect  tyrosine.  Add  about  3  C.C  of  water  snd  a  few  drops  of  Mil- 
Ion's  reagent  to  a  little  tyrosine  in  a  test-tube.  Upon  dissolving  the  t3rrosine  by 
heat  the  solution  gradually  darkens  and  may  assume  a  dark  red  color.  What 
group  does  this  lest  show  to  be  present  in  tyrosine? 

5.  Sulphuric  Acid  Test  (Piria  1.  —Warm  a  little  tyrosine  on  a  watch  ^ass  00  a 
faoIUne  water-bath  for  10  minutes  with  3-5  drops  of  cone  HiSO(.  Tyrosine- 
sulphuric  acid  is  formed  in  the  process.  Cool  the  solution  and  wash  it  into  a 
small  beaker  with  water.  Now  add  CaCOi  in  substance  slowly  with  stirrtaf^ 
until  the  reaction  of  the  solution  is  no  longer  acid.  Filter,  concentrate  the 
filtrate,  and  add  it  to  a  few  drops  (avoid  an  excess!  of  very  dilute  neutral  fenk 
chloride.  A  purple  or  violet  color,  due  to  the  formation  of  the  ferric  salt  of 
tyrosine -sulphuric  acid,  is  produced.  This  is  one  of  the  most  satisfactory  tests 
for  the  identification  of  tyrosine. 

6.  Formaldehyde -Sulphuric  Add  Test  {MBmer).— Add  about  3  C.c  of 
Momer's  reagent'  to  a  little  tyrosine  in  a  test-tube, and  gently  ralae the tempara- 
tuTc  to  the  boiling-point.     A  green  color  results. 

'  MUriier'i  icajteni  is  prtiinfcd  by  thorouKtly  roiiinR  i  i-olume  o(  formalin,  4;  vt 

ol  dislilled  MMtci,  onii  55  viJiimcs  of  conccnlmtcd  i^ulphuric:  acid. 
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I      7.  FoUn  and  Denis's  Test.' — ^To  i-a  c.c.  <rf  the  solution  lo  b«  tested  add  an 
f  tqualTotumc  of  n  spcciiJ  reagent  (containing  to  per  cent  sodium  tungstate,  2 

pcKcnt  phosphomoljbdlc  acid  and  10  per  cent  phosphoric  addj  and  3-10  c.c. 

of  1  satnrsted  solution  of  Eodiuin  carbonate.    A  blue  color  indicates  tyrosine. 

It  it  Slid  10  detect  t  pait  in  one  million. 

AbderhaldeQ^  claims  the  reagent  also  reacts  with  tryptophane, 
nytiyptophane  and  /-oxyproline. 

EXPKKIUKKTS  ON  LEDCINE 

Make  the  foUowinj;  tests  upon  the  Icudoe  crystals  already  prepared 
or  upon  some  pure  leucine  furnished  by  the  instructor. 

ii  3  and  3.    Repeat  these  experiments  according  to  the  directions  given 
uader  Tyrosine  'pages  86  and  87). 

Preparation  op  Cvstine* 

From  50  to  500  grams  of  wool  or  hair  is  pushed  into  a  (Jena)  flask  and  con- 
centrated hrdrocbloric  acid  (100  c.c.  to  each  100  graina  of  wool)  is  added.    In 
order  to  get  a  part  of  the  acid  quickly  to  the  bottom  of  the  flask  a  part  of  the  acid 
may  be  put  in  first,  then  the  wool,  and  finally  tbe  remaining  acid.     A  condenser 
Mitaisting  only  of  a  glass  tube  3  to  j  ft.  long  is  inserted  and  the  mixture  is  boiled 
BOtQ  tbe  biuret  reaction  is  entirely  negative.    The  wool  dissolves  in  a  few  min- 
utes and  if  much  cystine  is  desired  more  wool  and  add  can  then  be  Introduced. 
After  three  to  five  hours'  boiling  with  moderate  quantities  of  wool  the  btoret 
reaction  has  usually  disappeared. 

To  the  hot  acid  solution  of  amino  acids  so  obtained  is  added  at  once  an  excess 
of  solid  sodium  acetate,  i.e.,  until  the  Congo  red  reaction  for  mineral  acids  is 
entirely  negative.  A  dark,  heavy  precipitate  containing  practically  all  the  cystine 
is  obtained.  After  a  few  hours'  standingatroom  temperature  the  liquid  is  filtered 
off  and  the  precipitate  is  washed  with  cold  water.  (From  the  mother  liquor 
dilated  with  the  wash  water  is  usually  obtained  on  long  standing  a  second  pre> 
cipitale  consisting  chiefly  of  tyrosine.) 

The  crude  cystine  is  then  dissolved  in  boiling  3-5  per  cent  hydrochloric  acid 
and  the  solution  ts  decolorized  with  good  boneblack  which  should  have  been 
previously  thoroughly  digested  withhot,  dilute  hydrochloric  acid  and  then  washed 
with  water  in  order  to  remove  the  calcium  phosphate.  Tbe  hot  filtrate  from  the 
honeblack  should  be  as  clear  as  water.  If  It  is  not  perfectly  colorless  the  bone- 
black  treatment  should  be  repeated  and  if  a  colorless  solution  is  not  then  ob- 
tained the  fault  lies  with  the  quality  of  the  boneblack.  The  last  filtrate  is  healed 
Id  boiling  and  the  cystine  precipitated  by  a  slow  addition  of  concentrated  hot 
udinm  acetate  solution. . 

Large  amounts  of  colorless  cysline  consisting  of  typical  hexagonal  plates  can 
thus  be  prepared  without  difficulty  and  with  very  little  labor.  Compare  the 
microacopical  appearance  of  these  crystals  with  those  shown  in  Fig.  16,  page  76. 

'  Folin  and  Ocnu:  /our.  Bi/>1.  Ckem.,  11,  145,  iqii. 
'AbderhaldCB:  Z*il.  Physiol.  Chem.,  85,  qi,  iqij. 
'FoIib:  /vht.  SiW.  Cktm.,  S,  9,  igio. 
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THE  QUANTITATIVE  DETERMINATION  OF  ALIPHATIC 
AMINO  GROUPS 

Method  of  Van  Slyke.' — Pritui^e.—This  mcibod  (or  ihe  detenmiuMl 

aU|riuitiG  amino  [utrogen  is  based  on  tbe  meiuurement  of  the  nitrogca  gaa  nt 

in  the  Tcoction,  I 

RNH,+H\0,=ROH+Ns+»^.  I 

During  ihc  process  the  followitig  rrarlion  alw  takes  pUcc,  iKc  oilrous  add  sol 
UccomposiDg  spontaneously  nilh  the  formation  of  nitric  oxide, 

iHXO,-HNOi+N'0, 


Fro.  JM-— Vas  StvKi:  Au:Nfl  KtTKO<;KN 
Am-asatts, 


Fin.  3s~StfTioK  or  Vas  i 
Apparatts. 


This  latter  reaction  is  utilized  in  displncing  all  the  air  of  Uic  ai>paratus  witltl 
oxid«.  Tlie  ainlDu  sululioii  in  Ihcn  introduocd,  evolution  o(  nitrogen  mixed 
nitric  oxide  resultinjt.  The  oiidc  is  absorbed  with  nllcalinR  permanganate  Ml 
and  the  puie  nitrogen  measured  iu  a  spedsl  gaa  burette  shonn  in  the  &gun.j| 
Procedure. — The  dctcnni nation  i»  tarried  out  in  tliree  .itases:  j 

I.  IHtpiaeement  of  Air  by  yUrk  Oxidt.—Watc:  from  F  (sec  Figs.  34  aJ 
Blii  the  capillary  leadtni;  lo  tbe  Hempel  pipette  and  also  t)ie  other  ca| 
BS  fat  as  c.     Into  A  one  pours  a  volume  of  glacial  acetic  acid  sufBcteot 


>  Van  Slyke:  Jour.  BM.  CA#m.,  ti,  >7j,  1911;  61,  iit  and  t>5,  loij- 
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niK-Hlh  of  />.  For  convenience,  A  h  adttd  vrith  a  mark  to  measure  thbanuiiat. 
Tbcidd  is  nin  into  D  cock  c  hting  turned  so  as  lo  Id  the  air  escape  from  D. 
ThrouiJi  A  ouc  now  pours  sodium  nitrite  solution  (30  grams  NaNOi  to  100  cc. 
iliO)  until  D  is  full  of  solution  an<l  enough  excess  is  present  to  rise  a  little  above 
tk  coct  into  A.  It  is  couveuient  to  mark  A  for  measuring  off  this  amount  also. 
The  ps  exit  from  D  is  now  cioseil  at  t,  and,  a  bang  open,  />  a  »liaken  for  a  few 
HCDDdi.  Titc  nitric  oiidc,  which  instantly  collects,  is  let  out  at  c,  and  tbc  shaking 
Rpeited.  Thesecoodciopof  nitric  oxide  nliidi  washes  out  the  last  portions  of  ait, 
ttibolcloutatr.  /)  b  now  connected  wilh  the  motor  and  shaken  till  all  but  joc.c. 
ddbtHluiioD  have  been  displaced  by  nitric  oxide  and  driven  back  into  ^.  A  mark 
ojif)  indicate*  the  10  cc.  point.  One  then  cJoscsa  and  turner  and /so  that  /Jaod 
fut  connected.  The  above  manipulations  require  between  one  and  two  minutes. 
1.  Davmpttsiiian  ef  Uie  Amino  Subslante.^Oi  the  amino  solution  to  be  aniUyzed 
CC  or  less,  M  the  case  nMy  be,  are  measured  off  in  B.  Any  excess  added  abo^i'c 
nark  can  be  run  off  tlirougb  the  outflow  tube.  The  desired  amount  !a  then  run 
iio  D,  which  is  alreuily  connected  with  the  motor,  as  shown  in  tig.  54.  Jt 
it  A»k(D  when  d-amino  adds  are  being  analyzed  for  a  period  of  three  to  five 
ndnuto.  Willi  a-amino  acids,  proteins  or  partially  or  eompleldy  hydrolyzed 
pnileinjL,  we  find  that  at  the  most  Dvc  minutes  vixorous  shaking  completes  the 
ftmion.  Only  in  the  case  of  some  native  proteins  which,  when  deaniinized  form 
uTi>idtly  oMgula  that  mechanically  interfere  with  the  ttiorough  agitation  of  t4ie 
iBiiiurc,  a  longer  time  may  be  required.  In  casea  viscous  solution  b  being  aoaJyied 
inH  the  liquid  threatens  to  foam  over  into  F,  B  is  rinsed  out  and  a  tittle  capiylic 

^     I'cobul  M  fld<lrd  tbiough  it.     For  amino  substances  such  as  amino  purins,  requiring 

^blnngct  time  than  five  minutes  to  react,  one  merely  mixes  tlie  rc.ictinf;  stJutlons 

Huk!  Icu  them  stand  the  required  length  of  lime,  then  shakes  about  two  nUDules  to 

^Kiive  tlie  nitrogen  completdy  out  of  solution. 

^  Klien  it  Is  known  that  the  solution  to  be  analyzed  is  likely  tQ  foam  violently, 
■1  it  idrissblc  to  add  caprylic  alcohol  through  B  before  the  amino  sdution.  B  la 
Uxffl  lioKd  with  alcohol  nn<l  dried  with  ether  or  a  roll  of  filter  paper  before  It 
Ktivei  the  amino  solution. 

.  AhserpiicH  ej  nitric  Oxide  and  MtMUftmtfil  of  NitrogtH. — The  reaction  beins 

ipieitd,  all  the  gas  in  0  is  displaced  into  F  by  liquid  from  A  and  the  mixture  of 

aodnltricoxideisdriventromi' into  the  absorption  pipette'    The  driving 

"dbthen  connected  with  the  pipette  by  lifting  the  hook  from  the  shoulder  ol^  and 

flKug  the  other  hook,  on  the  opposite  side  of  tlic  driving  rod,  over  the  horizontal 

I     '"■et  lube  of  tlie  pipette.    The  tatter  is  then  shaken  by  the  motor  for  a  minute, 

'  *^,  with  any  but  dmosl  completely  exhausted  permanganate  solulionB,  com- 
Pittti  tbe  absorption  of  nitric  oxide.    The  putu  nitrogen  is  then  measured  !n  P. 

I  UtiriQg  the  above  operations  a  is  left  open,  to  permit  displacement  of  liquid  from  D 
odiric  oxide  forms  in  D. 

Baak  determiaations,  i>erformed  a*  above  exce|>t  that  10  cc.  of  distilled  water 
^'^Maa  the  solution  of  amino  substance,  must  be  performed  on  every  fresh  lot 

I     J*  lilrile  useil.     Nitrite  Riving  a  much  larger  correction  than  0.3  to  0.4  cc.  should 

■^Rjected. 

^m   The  room  temperature  and  Uie  barometric  pressure  must  be  noted.    The 

TlwMlutioD  in  the  abtorpiion  ptpoltc  is  40  grains  K]UK0|  and  a%  grams  KOH  in  a 
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MILLIGRAMS  OF  AMINO  NITROGEN  CORRESPONDING  TO  i  C.C.  OF  Nil 
GEN  GAS  AT  ii'-jo'C;  738-771  MM.  PRESSURE 


'  '  ■  II 

(     I    7»8        7JO    '    7J1        734        TJ«        TJ»        T40        74>        744    i    74«    '    »4«    I    TO*   , 


II*  0.5610  a. si^S  o-Si'oo.STS  n'ST4S  0.57^00.5775  o.5Tt»o.  3)050.58100. 5>40  0.5>5S' 
11°  ,0.5655  0.56700. 568]  O.S70D0.3TWO. 5735  O.S750'0. 1765.0. 57So'o.  57050. 5S1IO.5S3O; 
13*  o. 5630  0.56450. 5660  o.56ts,o,56«5  0.5110  0.5735  a.  57400,5755  0.57700. 57*5  0.510s 
14°    0,5605  0,5610  0.5633  0.56500.3665  0.56800. 5700  0.5715  O.S73o'0.  5745-0.5760  .05TT5' 

15°    0.5580  0.5595  0.5610  0.5615  0.5640  0.565s. 0.5670  0.56850.57050.57100.57350.5799, 

16'  0.5S55  O.557OO.SSSS  0.3600  0.561s  0.5630  0.564s  0.36600.5675  0.5690  0.5710  O.S7»l' 
17°  0.5SJ5  0.55400.53550.55750. 5500  O.s603'o. 5610  0.5635  0.56500. 5665  O.563O0.56M, 
li"  0.53000.5515  0,55300.55430. jsSoo.ssSo'o. sses'o. 36100. s6i5 '0.5640 o.s6ss  0.5670 

!»•    0. 5475  o. 5490  0.5SO3O.S3«l  0.55350.5350  0.536s  0.55*0  0.5595  0.5610  0.5630  0.5645' 

ta°  0.54450,54600,54750,54950.35100,5533  0.53400.35550.557010.55850.56000.5615. 


I 
»!'    0.5410  0.54350. 54500.5465  0.5480  0.5493.0.531010.  35150.5540  0.5535  0.55750,5590 
.ai°   o. 5395  o. 5410,0. 5413 0.54400. 3435  0.54TOO, 54830, 3SO0O,3Si5O,5sy> 0,5545  0,5560 
■»3*    O. S36SO,S380|0. 53030,34100.34150,  54400.  S4S3;0,  3470  O.34W|0, 55000,55150.5530 

»4°    0,5335  0,5350  0,3365  0,5380  0,5400  0.5415  0.54300,  3445  0,546oio, 5475  0. 5490  0,SSOS 

»S°   0.53100.53350,53400,53330,53700.53830.34000,54150,543010,5*450.54600.5475' 

, ] ' 

16°  0.5160 0.5193 0.5310 0.53*50,5340 0.535s 0.5370 0.5365 0.5400 0.54150.54300.34451 

17"    0.5150  0.5365  0.5380  0.3193  0.33100. 531510. 3340:0.5355  0,5370  0,5383  0.5400  0,5415 

38°  0,5110 0.51330,3130 0,5165  0.51800.51930.53100.3315  0.53400.533310.5370,0.3385 
19°  .0.5195  0.51100.5310,0.5335  0.51500.5165  0.53800.53950.55100,5335  0.53400.5355: 

30*    0.5160,0.51730.31900,5103  0,31100.593510,5150  0.536s  O.518O1O. 3195  0.53Iolo.53tJ 


ll 
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(  751        754        756        758    ,    760        t6»        764        766        76S    |    770        TTi    I 

ll"  0.5870:0. 58850.5900  0.5915  0.5935  0.5950  0.5963  0.3980  0.5995  0,60100, 6090 

11°  o. 5845 |o. 5860 0.5S75  0,38900.3905  0.5935  0.5040 0,595s  0,5970 0,5985  a.6oooi 

13°  0. 581010,  3835  0,58300,3865  0,38800.5895  0.59100.5930,0,3943  0,596o'o,5e75. 

14°  0.5790,0, 5805  0,5815  0.5840  0,58550.58700.5885  0.5900  0.3915  0.5935:0. 5950 

15°  ,0.3765:0.5765  O.5705  0,5810,0,58300.5845  0.58600,3875  0,38900.5905  0,5910 

I6*  0,3740  0,5735  0,5770  0.5785  0.5800  0.5815  0.5830  0,5850  0,5865  0,5880:0, 5895; 

17°  0,571010,57300,574510,57600,57750  57900,58050.5810.0.58150.58500.5865: 

18°  0.5685:0.57000.5715  0.37300.5745  0.5765  0.57800.5795  0.58100,5815  0,5840] 

19°  o,366o!o,  367s  0,5690.0, 5705  0,5710,0. 5735. o. 5750  O.SJ650. 5780  0.5795]o.5>loi 

10°  0.36300.5645  0,56600,3673  0,5690  0.5705  0.57150.57400,3755  0.5770,0.5785 


11°  0,5603  0,3610  0,5635  0,56300,5665  0.56800. 5695  0,57100,5715  0,57400.5755 

II*  o,ss7S  0,35900,3603  O.S6JO  0.3633  0.56300.3663  0.36S0  0.3693  0,S715|o.5-30 

33°  0,5343  0,3560  0,5575  0,5595  0,5610  0.561s  0,5640  0,5655  0,56700,5685  o,S70O 

14°  0,5530  n,  5535  0.35300,5563  0.3380  O.S30S  0,56100,3635  0,3640  0,565s  0,5670 

35°  0.5490  0.3303  0,3310  0,3535  0,55500,5363  0.53800,3595  0,5610  O,56is|o. 5640 

.  i 

36°  0,54600.3475  0.34900,35030.53100.55350.33500.35630.35800,5595:0,5610 

!;°  0.54300.5443  0,5460  0,54750, 54900-5505  0.55300, 5535  o,S530  0,5565'o,55Bo 

lg°  0.54000,541s  0,54300,54450,54600,54750.54900,55050,55100,553510.5350 

19°  0,53700,5385  0,34000.34150.5430  0.544s  0.54600.34730.  3490 |O.SS03|0.5S10 

30*  0.53400.33530.53700.53850.54000.54150.51300.54450.3460,0.547310.5490; 

I  751         754         756         758         760         761         764         766         768         770     I     771 
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calculation  of  the  weight  of  nitrogen  gas  corresponding  to  the  volume  obtained  is 
most  readily  made  mth  the  aid  of  the  tables  (see  page  90)  devised  for  this  purpose.' 

Tht  Van  Slfke  Micro-apparatus.* — In  later  work  Van  Slyke  has  used  to  a  large 
citent  an  apparatus  tvhich  differs  from  the  one  described  above  only  in  being  con- 
sidnably  smaller.  More  accurate  measurements  can  be  made  with  this  and 
smaller  amounts  of  amino  nitrogen  determined.  In  using  this  only  10  c.c.  of 
nitrite  solution  and  z.5  c.c.  of  acetic  acid  are  required  for  an  analysis.  One-iifth 
(lie  amount  of  substance  may  be  analyzed  with  the  same  degree  of  accuracy  as 
vritli  the  larger  apparatus.  Practically  the  only  alteration  from  the  mode  of  opera- 
tion already  detailed  above,  is  in  the  speeds  at  which  the  deaminizing  bulb  and  the 
Hempel  pipette  are  shaken.  During  the  first  stage  of  the  analysis  the  deaminizing 
bulb  should  be  shaken  by  the  motor  at  a  very  high  rate  of  speed,  about  as  fast  as 
the  tj-t  can  follow  or  an  unnecessary  amount  of  time  is  lost  in  freeing  the  apparatus 
from  air.  This  stage  is  also  much  accelerated  by  warming  the  nitrite  solution  to 
30°  before  it  is  used,  in  case  a  low  room  temperature  has  reduced  the  temperature 
d  the  solutions  below  ao".  In  the  third  stage  when  the  nitric  oxide  is  being  ab- 
sorbed by  the  permanganate,  the  Hempel  pipette  should  be  shaken  not  faster  than 
tnce  per  second.     This  is  to  prevent  the  breaking  oS  of  small  gas  bubbles. 

It  is  especially  necessary  that  in  the  first  stage  the  removal  of  air  be  complete. 
This  is  assured  by  shaking  the  solution  in  the  deaminizing  bulb  back  each  time, 
in  thij  stage,  until  the  bulb  is  two-thirds  filled  with  nitric  oxide. 

For  the  determination  of  total  and  free  amino  acid  nitrogen  in  the  urine  by 
this  method  see  chapter  on  Quantitative  Analysts  of  Urine. 

ESTIMATION  OF  AMIHO-ACID  a-NTTROGEN 

Urthod  of  HarHing  and  MacLesn.'— Princt^/e.^Amino-acid  mixtures  when 
Inated  with  triketohydrindene  hydrate  give  a  colored  solution  which  may  be  com- 
psted  colorimetrically  with  a  standard, 

Fnctdure. — One  c.c.  of  the  solution  to  be  estimated  (containing  not  more  than 
o.oj  mg.  of  amino-actd  a-nitrogen  and  neutral  to  phenolphthalein,  is  mixed  with 
>  c.c.  of  a  10  per  cent  aqueous  solution  of  pure  pyridine  and  i  c.c.  of  a  freshly  pre- 
pared I  per  cent  solution  of  triketohydrindene  hydrate  and  heated  in  a  rapidly 
l»Mliiig  constant-level  water-bath  for  30  minutes.  At  the  end  of  that  time  the  test 
'ibeisremoved,  cooled  and  diluted  to  a  suitable  volume,  usually  looc.c,  but  if  the 
miciD-acid  o-nitrogen  is  very  small  in  amount  a  correspondingly  smaller  dilution 
ciabeused.  The  solution  is  compared  with  a  standard  in  a  Duboscq  colorimeter. 
The  standard  solution  is  prepared  by  dissolving  0.3178  gm.  of  pure,  freshly  crystal- 
Eicd  alanine  in  a  liter  of  distilled  water.  The  solution  contains  0.05  mg.  of  N  per 
'■c  Treat  I  c.c.  of  this  standard  just  as  above,  except  that  only  1  c.c.  of  trike- 
Wiydrindenc  is  required.  The  standard  solution  is  stable  for  three  months. 
Amounts  of  amino  nitrogen  from  0,005  to  0,05  mg.  may  be  determined.  The 
laethod  is  inaccurate  for  cystine  and  has  not  yet  been  adapted  for  use  with  biolog- 
ical fluids  other  than  solutions  of  protein  hydrolysis  products. 

'See  Van  Slyke:  Jour.  Biol,  Chcm.,  ii,  275,  \<)ii  or  Gattcrmann;  Praxis  dcs  organis- 
'^C^tnUtfTS,  ninth  edition.  In  using  the  tables  in  the  latter  tvork  or  similar  tables  it 
"WM  be  borne  in  mind  that  tlie  volume  of  nitrogen  aas  must  be  divided  by  two,  inasmuch 
U  Oll^^  one-half  of  the  nitrogen  collected  comes  from  the  amino  groups. 

'Ether  of  these  apparatus  may  be  obtained  from  Emil  Greincr,  45  Cliff  Street,  New 
J^or  from  Robert  Goetze,  Leipzig.  Van  Slyke  has  recently  described  a  fhird  form  of 
™»ppatatus  about  half  of  the  size  of  the  earlier  micro-apparatus.  This  has  a  more 
JCffliate  burette  so  that  the  gas  volumes  can  be  read  to  0.001  c.c.     tVan  Slyke  :Ji>uf.  Biol. 

'Harding  and  MacLean;  Jaur.  Biol.  Chem.,  20,  217,  igij. 


CHAPTER  V 

PROTEINS:  THEIR  CLASSIFICATIOir  AND 
PROPERHES 

Fkou  what  has  ah-eady  been  said  in  Chapter  IV  regarding  the 
protein  substances  it  wiJI  be  recognized  that  the  grouping  of  the  diverse 
forms  of  this  class  of  substances-  in  a  logical  manner  is  not  an  easy 
task.  The  fats  and  carbohydrates  may  be  classified  upon  the  funda- 
mental principles  of  their  stereo-chemical  relationships,  whereas  such  a 
system  of  classification  in  the  case  of  the  proteins  is  absolutely  im- 
possible since,  as  we  have  already  stated,  the  molecular  structure  of 
these  complex  substances  is  unknown.  Because  of  the  diversity  of 
standpoint  from  which  the  proteins  may  be  viewed,  relative  to  thor 
grouping  in  the  form  of  a  logically  classified  series,  it  is  obvious  that 
there  is  an  opportunity  for  the  presentation  of  classifications  of  a  widely 
divergent  character.  The  fact  that  there  were  until  recent  years  at 
least  a  dozen  different  classifications  which  were  recognized  by  various 
groups  of  English-speaking  investigators  emphasizes  the  difflciilties  in 
the  way  of  the  individual  or  individuals  who  would  offer  a  classification 
which  should  merit  universal  adoption.  Realizing  the  great  handi- 
cap and  disadvantage  which  the  great  diversity  of  the  protein  classifi- 
cations was  forcing  upon  the  workers  in  this  field,  the  Chemical  and 
Physiological  Societies  of  England  drafted  a  classification  which  ap^- 
l>ealcd  to  thusc  groups  of  scientists  as  fulfilling  all  requirements  and 
presented  it  for  the  consideration  of  the  American  Physiological  Sodety 
and  the  American  Society  of  Biological  Chemists.  The  outcome  of 
this  has  been  that  there  are  now  only  two  protein  classifications  which 
are  recognized  by  English-speaking  scientists,  one  the  British  Classi- 
lication,  the  other  the  American  Classification.  These  clas^cations 
are  very  similar  and  doubtless  will  ultimately  be  merged  into  a  single 
classification.  In  our  consideration  of  the  proteins  we  shall  conform 
in  all  details  to  the  American  Classification.  In  this  connection  we 
will  say,  however,  that  we  fell  that  the  English  Societies  have  strong 
grounds  for  preferring  the  use  of  the  term  scleroproteins  for  albu- 
minoids and  chroma  proteins  for  hemoglobins.  The  two  classifications 
arc  as  follows: 
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"^OASSIFICATION  OF  PROTEINS  ADOPTED  BY  THE  AMERI- 
CAN PHYSIOLOGICAL  SOCIETY  AND  THE  AMERICAN 
I  SOCIETY  OF  BIOLOGICAL  CHEMISTS 

I  L  SIMPLE  PROTEINS 

I     Protein  substancts  which  yield  only  a-amino  acids  or  their  deriva- 
KtivcsDn  hydrfllysis. 

I  (*)  Albumins-^Soluble  in  pure  water  aud  cougulstblc  by  heat, 
f-f.,  n^bumin  from  e^f"  whilr.  serum  albumin  from  blood  serum, 
(odittttimn  from  milk,  vegetable  albumins. 

H)  Globulins. —  Insoluble  in  pure  water  but  soluble  in  neutral 
solutioBS  of  SiUts  of  strong  bases  with  strong  acids,'  e.g.,  serum  globulin, 
m^^tdin  iiomeg,syoik,  edeslin  from  /ictnp  seed,  amandin  from  almond 
uifeaeh  ktrnel,  and  other  vegel-tble  globulins. 
I    if)  Glutelins.— Simple  proteins  insoluble  in  all  ntutral  solvents,  but 
nttty  soluble  in  very  dilute  acids  and  alkalis,'  e.g.,  gluUnin  from  wheat, 
^W  Alcobot-soluble  Proteins  (Prolamins).*— Simple  proteins  sol- 
uble in  70-So  per  cent  alcohol,  insoluble  in  water,  absolute  alcohol,  and 
otber  neutral  sotvents,*  e.g.,  Xcin  from  corn,  gUadin  from  wheal  and 
rye,  kerJan  U(m\  barley,  and  bynin  from  matt. 

{()  Albuminoids.— Simple  jirolcins  possessing  a.  similar  structure  to 
tbose  already  mentioned,  but  characterized  by  a  pronounced  insolubility 
in  xU  neutral  solvents,*  e.g.,  elasttn  from  ligament,  collagen  from  tendon, 
ttratin  (mm  horn  and  hoof . 

(fj  Histones. —Soluble  in  water  and  insoluble  in  very  dilute  ammo- 
nia, and,  in  the  absence  of  ammonium  salts,  insoluble  even  in  excess  of 
ammonia;  yield  precipitates  with  solutionsof  other  proteins  and  a  coagu- 
lam  on  heating  which  is  easily  soluble  in  very  dilute  acids.  On  hydroly- 
sis they  j'icld  a  large  number  of  amino  acids  among  which  the  basic 
ones  predominate.  In  short,  histones  are  basic  proteins  which  stand 
between  prolamines  and  true  proteins,  e.g..  globin  from  hemoglobin, 
uombrone  from  mackerel  s/>erm,  thymus  Instone. 

{g)  Protamines. — Simpler  poljpeplidcs  than  the  proteins  included 
ill  the  preceding  groups.     They  are  soluble  in  water,  uncoagulable  by 

'  The  prccipiutMirt  limits  vith  immoniuni  i>u1|>hntc  i.KoiiUi  not  be  made  a.  basis  for  Aip- 
litisuhhiiis  ihe  nlhiimin*  from  llic  itWiulini. 

*Sucb  Mibitaut-n  occur  in  abuiidancc  in  the  m-imIj  of  ccteab  »nd  diulillciB  [cprctcnl  « 
mIMefineii  satunU  groap  nf  iii»ple  pruicins. 

'The  lunic  ptelamins  hut  liciri  MiHjtr'ici]  (or  !h«w  alcohol' soluble  proccint  by  Dr. 
ThooiuB.  UsboraviAcM'Uf,  lOoS.  xtviii,  p.  417).  It  is  u  vtry  filtini;  t«riu  inasmucli  u 
UpOD  hfdrolviia  Ihey  yUM  pajticubtij-  I.itvc  :iniount»  of  bioHnt  and  ammonit. 

<Tlic  niDclatscx  defiaca  {a,  b,  c,  d,\  ntf  ri;rinplilic(t  by  jimirins  oblainril  itata  both 
plutU  And  animals.  Tlie  use  of  upprovriate  prrfjiai  u-iU  sullies  10  ladfcatc  (he  origin  of 
Ibe  conqwuixb.  <.(.,  «w{;lobuliQ.  faffaJouicin.  etc. 

*  ThcM  form  the  ptinripal  otRanic  rom^lilucms  of  the  nkcicCol  (tnicliire  of  animal*  and 
alio  their  ftiernal  i:o%'ctiriK  and  il^  ippfmlagi-s,  Thii  dcfinilion  doe*  not  provide  for 
fldattp  which  i*.  howeiYt.  an  atlificiul  derivutivr  ol  <oll»geti. 
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heat,  have  the  property  of  precipitating  aqueous  solutions  of  other  pn 
teins,  possess  strong  basic  properties  and  form  stable  salts  with  stroDj 
mineral  acids.  They  yield  comparatively  few  amino  acids,  amon, 
which  the  basic  ones  predominate.  They  are  the  simplest  nalura 
proteins,  e.g.,  salmine  from  salmon  sperm,  sturine  from  sturgeon  sperm 
clupeine  from  herring  sperm,  scombrine  from  mackerel  sperm. 

n.  CONJUGATED  PROTEIHS 

Substances  which  contain  the  protein  molecule  united  to  some  othe 
molecule  or  molecules  otherwise  than  as  a  salt. 

(o)  Nucleoproteins. — Compounds  of  one  or  more  protein  molecule 
with  nucleic  acid,  e.g.,  cytoglobuUn  from  cytoplasm,  nucleohistone  Iron 
nucleus. 

(6)  Glycoproteins.^Compounds  of  the  protein  molecule  with  ■ 
substance  or  substances  containing  a  carbohydrate  group  other  than 
nucleic  acid,  e.g.,  mucins  and  mucoids  {osseomucoid  from  bone,  tendomu 
coid  from  tendon,  ichtkulin  from  carp  eggs,  helicoprotein  from  snail). 

(c)  Phosphoproteins.— Compounds  of  the  protein  molecule  wit 
some,  as  yet  undefined,  phosphorus-containing  substances  other  than 
nucleic  acid  or  lecithin,'  e.g.,  casein  from  milk,  ovovitellin  from  e| 
yolk. 

(d)  Hemoglobins.^ — Compounds  of  the  protein  molecule  wit 
hematin,  or  some  similar  substance,  e.g.,  /lemoglobin  from  red  W« 
cells,  hemocyanin  from  blood  oj  invertebrates. 

(e)  Lecithoproteins. — Compounds  of  the  protein  molecule  wit 
lecithins. 

UL  DERIVED  I%OTBINS 

I.  Primary  Protein  Derivatives 

Derivatives  of  the  protein  molecule  apparently  formed  throng 
hydrolytic  changes  which  involve  only  slight  alteration  of  the  prote: 
molecule. 

(a)  Proteans.— Insoluble  products  which  apparently  result  fro: 
the  incipient  action  of  water,  very  dilute  acids  or  enzymes,  e.g..  myosc 
from  myosin,  edeslan  from  edeslin. 

(b)  Metaproteins. — Products  of  the  further  action  of  acids  and  alk; 
hs  whereby  the  molecule  is  so  far  altered  as  to  form  products  soluble : 

'  The  accumulated  chemical  evidtnct  liistinclly  piiinls  to  ihc  propriety  of  dasufvi 
the  phosphoproteins  as  conjugated  compiiurds.  i.e.,  ihey  arc  possihly  esters  of  some  pbc 
phoric  acid  or  acids  and  prulciti. 


PROTEINS 


95 


hay  weak  acids  and  alkalis  but  insoluble  in  neutral  fluids,  e.g.,  add 
mtaprolein  (acid  aibuminute),  alkali  melaproltitt  {alkali  albuminate). 
I    {«)  Coagulated  Proteins. — Insoluble  products  which  result  from 
wlke  action  of  heat  on  their  solutions,  or  (3)  the  action  of  alcohol  on 
Hncoteia. 
^H  2.  Secondary  Prutrin  Derivatives' 

I     Products  of  the  further  hydrolytic  cleavage  of  the  protein  molecule. 

I     (fl)  Proteoses.— Soluble  in  water,  non-coagulable  by  heat,  and 

nredpitatcd   by  saturating  their  solutions  n-ith  ammonium' — or  zinc 

Kulphatc,'  e.g.,  proloprolfosc,  devteroproteosc. 

m    (ft)  Peptones. — Soluble  in  water,  non-coagulablc  by  heat,  but  not 

wtafiMed  by  saturating  their  solutions  with  ammonium  sulphate,* 

fi4.,anlipeptone,  amphopcptone. 

(t)  Peptides. — DefTnit^Iy  characterized  combinations  of  two  or  more 
unino  adds,  the  carhoxyl  group  of  one  being  united  with  the  amino 
gioup  of  the  other  with  the  elimination  of  a  molecule  of  water,*  e.g., 
dipeptides,  tripepiides,  Mrapepitdfs,  penta peptides. 

CLASSIFICATION  OF  PROTEINS  ADOPTED  BY  THE  CHEM- 
ICAL AND  PHYSIOLOGICAL  SOCIETIES 
OF  ENGLAND 

I.  Simple  Proteins 

I.  Protamines,  e.g.,  salmtne,  dupetne. 

1.  Histonts,  e.g.,  gloHn,  scomhronc. 

3,  Albumins,  e.g.,  ovalbumin,  serum  albumin,  x^gelabU  albumins. 

4'  Globulins,  e.g.,  serum  globulin,  ovoglobuiin,  vegetable  globulins. 

5.  Glutelins,  e.g.,  gluknin. 

(t.  .\lcohol-solublc  proteins,  e.g.,  zein,  gliadin. 

7.  Sclcroproteins,  e.g.,  elastin,  keratin. 

8.  Phosphoprotcins,  e.g.,  casein,  vHclHn. 

II.  Conjugated  Proteins 

1.  Glucoproteins,  e.g.,  mucins,  mucoids. 

2.  N'ucleoproteins,  e.g.,  miclcohlstonc,  cyloglobuHn. 

3.  Chromoproteins,  e.g.,  hemogUbin,  hemocyanin. 

'  Tht  term  »«ondttry  protein  derivatives  i>  u»ed  bccjuic  (he  formation  ol  the  primary 
MvUircs  UKiuUy  nrMciles  the  formation  of  Che  trcondnry-  derivatives. 

'As  thns  defiooa,  tbb  term  dou  not  Btiictly  cover  all  the  protein  derivatives  com- 
■nlr  called  proteosti,  «,j.,  betetoproteose  and  dj'sprotcofte. 

'in  ibu  group  the  kynnct  may  be  included.  For  the  presrnt  it  is  believed  thnt  it  nil! 
ttk^iful  (o  retain  this  term  as  defined,  mrrvinfi  llic  nptcfdiuii  peptide  for  tlic  iimpkt 
tnniaiiBilt  ol  de£tuM  >trwtur«.  such  as  dipt^p tides,  rlc. 

'Tbe  peptone*  are  undoubtedly  prplidci  or  mixtures  of  peptide*,  the  latter  terra  being 
It&ment  lAcd  to  deiignatc  ihnuc  ol  ocitniic  tiiucturc. 
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in.  Products  of  Protein  Hydrolysis 

1.  lofrapioteins,  e.g.,  acid  infraprotein  {acid  albuminate),  ott 
infraprotein  {alkali  albuminate) . 

2.  Proteoses,  e.g.,  protoproleose,  heleroproteose,  deuieropreteose. 

3.  Peptones,  e.g.,  amphopeptone,  antipepione. 

4.  Polypeptides,  e.g.,  dipepiides,  tripeptides,  tetrapeptides. 

CONSIDERATIONS  OF  THE  VARIOUS  CLASSES 
OP  PROTEINS 

SIMPLE  PROTEINS 

The  simple  proteins  are  true  protein  substances  which,  upon  1 
drolysis,  yield  only  a-amino  acids  or  their  derivatives,  "Althou 
no  means  are  at  present  available  whereby  the  chemical  individualit) 
any  protein  can  be  established,  a  number  of  simple  proteins  have  bi 
isolated  from  animal  and  vegetable  tissues  which  have  been  so  ? 
characterized  by  constancy  of  ultimate  composition  and  unifonnit> 
physical  properties  that  they  may  be  treated  as  chemical  individi 
until  further  knowledge  makes  it  possible  to  characterize  them  m 
definitely."  Under  simple  proteins  we  may  class  albumins,  globuli 
glutelins,  prolamins,  albuminoids,  histones  and  protamines. 

ALBUHmS 

Albumins  constitute  the  first  class  of  simple  proteins  and  may 
defined  as  simple  proteins  which  are  coagulable  by  heat  and  solu 
in  pure  (salt-free)  water.  Those  of  animal  origin  are  not  predpita 
upon  saturating  their  neutral  solutions  at  30*'C.  with  sodium  chloi 
or  magnesium  sulphate,  but  if  a  saturated  solution  of  this  charat 
be  acidified  with  acetic  acid  the  albumin  precipitates.  All  album 
of  animal  origin  may  be  precipitated  by  saturating  their  solutions  w 
ammonium  sulphate.^  They  may  be  thrown  out  of  solution  by 
addition  of  a  sufficient  quantity  of  a  mineral  acid,  whereas  a  wi 
acidity  produces  a  slight  precipitate  which  dissolves  upon  agitating 
solution.  Metallic  salts  also  possess  the  property  of  precipitating 
bumins,  some  of  the  precipitates  being  soluble  in  excess  of  the  reage 
whereas  others  are  insoluble  in  such  an  excess.  Of  those  prott 
which  occur  native  the  albumins  contain  the  highest  percentage  of  i 
phur,  ranging  from  1.6  to  2.5  per  cent.     Some  albumins  have  bi 

'In  lliis  connocUon,  Osborne's  obpcrvation  that  there  arc  certain  M^foUe  albni 
which  are  precipitated  by  saturating  their  solutions  with  sodium  chloride  or  magna 
sulphate  or  by  half -sat  u  rating  with  ammonium  sulphate,  is  uf  iatemt. 
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blai&cd  in  crystalline  form,  notably  egg  albumin,  scrum  albumin,  and 
kialbuniin.  but  the  fact  that  they  may  be  obtained  in  crystalline  form 
iiiot  necessarily  prove  them  u>  be  chemical  individuals. 


GENERAL  COLOR  REACTIONS  OF  PROTEINS 

These  color  reactions  are  due  to  a  reaction  between  5ome  one  or 
nOTfof  the  constituent  radicals  or  groups  of  the  complex  protein  mole- 
diic  and  the  chemical  reagent  or  reagents  used  in  any  given  t«sl.  Not 
&1I  proteins  contain  the  same  groups  and  for  this  reason  the  various  color 
ttstswill  >'ield  reactions  varying  in  intensity  of  color  according  to  the 
nature  of  the  groups  contained  in  the  particular  protein  under  examina- 
tion. Various  substances  not  proteins  respond  to  certain  of  these  color 
iiactioDs,  and  it  is  therefore  essential  to  submit  the  material  under  ex- 
amination to  several  tests  before  concluding  defmitely  regarding  its 
nature. 

TBCHHIC  OF  THB  COLOR  REACTIOHS 

o's  Reaction. — To  5  c.c.  of  a  dilute  solution  of  egg  sibumin'  in  a  test- 
■  ■  few  drops  oi  Milton's  reagent.    A  white  precipitate  forms  which  turns 
red  when  hcBted. 

ITiis  test  is  a  particularly  satisfactory  one  (or  use  on  solid  proteins, 
is  rhich  case  the  reagent  is  added  directly  to  the  solid  substance  and 
heat  applied,  which  causes  the  substance  to  assume  a  red  color.  Such 
proteins  as  are  not  precipiUted  by  mineral  adds,  for  example  certain 
<ii  the  proteoses  and  peptones,  yield  a  red  sdution  instead  of  a  red 
precipitate. 

The  reaction  is  due  lo  the  presence  of  the  hydroxy- phenyl  group. 
~C|H|OH,  in  the  protein  molecule  and  certain  non-proteins  such  as 
tyrosine,  phenol  (carbolic  acJd^  and  thymol  also  respond  lo  the  reaction. 
Inasmuch  as  the  tyrosine  grouping  is  the  only  hydroxyphcnyl  grouping 
ifuch  has  dclinitely  been  proven  to  be  present  in  the  protein  molecule  it 
ise^^dcnl  that  protein  substances  respond  to  Millon's  reaction  because 
<f  the  presence  0/  this  tyrosine  complex.  The  lest  is  not  a  very  satis- 
factory one  for  use  in  solutions  containing  inorg.inic  salts  in  large 
mount,  since  the  mercury  of  the  itiillon's  reagent'  is  thus  j^rcdpitated 
iBd  tile  reagent  rendered  inert.  'I'his  reiigent  is  therefore  never  used 
fotlhc  detection  of  protein  material  in  the  urine.     If  the  solution  under 

'  TUi  egg  BlImiiuD  iolution  iriny  he  prepared  by  brali nit 'KK-u'liite  irlib6-io  voluaeaot 
»»1CT-    Tie  ptccipilate  oJ  ovoslobvilin  is  filtcrril  oil  and  die  filtrate  o»ed  in  the  le»t». 

'  Millon'»  rr-XKcnl  <!DD«i*(*  oE  mercury  ditiinK-eil  in  nitrk  ncid  eontaining  tome  bitfoui 
Md.  Il  is  itirrared  by  dlttratiriK  one  pkrt  (by  »'ei](l>l'  "i  mercury  with  Ivto  parU  (by 
night)  i>(  MNUt  <^.  gr.  1.41)  and  diluting  tnr  multias  solulion  with  two  volumn  of 
Jer. 
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examination  is  strongly  alkaline  it  should  be  neutralized  inasmudi  «s 
the  alkali  mill  precipitate  yellow  or  black  oxides  of  mercur>'. 

3.  Xanthopioteic  Rmctton. — ^To  3-3  c-c  of  sgg  albumin  solution  in  a  test-nibe 
add  concentraied  oliric  scid.  A  while  precipitate  forms,  which  upon  heatinit 
turns  3'ellciw  and  finaUy  dissolve^  imparting  to  Qie  sohition  a  jcllow  color. 
Cool  the  solution  and  carefully  add  ammonium  hydroxide,  potassium  hydraiid?« 
or  sodium  hydroxide  in  excess.  Note  that  the  ycDow  color  deepens  into  t^>, 
ocancc- 

This  reaction  is  due  to  the  presence  in  the  protein  molecule  of  th^ 
phenyl  group — C^Hj,  with  which  the  nitric  acid  forms  certain  nitrca 
modiUcations.  The  particular  complexes  of  the  protein  molecule 
which  are  of  especial  importance  in  this  connection  are  those  of  tyroane^ 
phenylalanine,  and  tr>'ptophane.  The  test  is  not  a  satisfactory  one  foe 
use  in  urinary  examination  bec-ause  of  the  color  of  the  end^reactioa- 

3.  Glyozylic  Add  Reaction  (Hopkin«-Colc).'— Place  i-i  tc.  of  egg  albonria 
solution  and  3  cc.  of  glyoxylic  acid,  CHO.COOH  -f  BiO  or  CB(OH  1  .-COOH, 
solution  (Hopkins-Cole  retfent-)  in  a  test -tube  and  mis  thoroughly.  InaseoMii) 
tub«  place  5  cc.  of  concentrated  sulphuric  acid.  Incline  the  tube  contsininctul' 
pburk  acid  and  by  means  of  a  pipette  allow  the  albumin-glyoxyliG  acid  solaiiiiii 
to  flow  carefully  down  the  side.  When  Etratificd  in  this  mannera  reddisb-VKM 
color  forms  at  the  zone  of  contact  of  the  two  fluids. 

This  color  is  due  to  the  presence  of  the  tryptophane  group.  Gelatin 
does  not  respond  to  this  test.  For  formula  of  tryptophane  see  page 
77.  Benedict*  has  suggested  a  new  reagent  for  use  in  carrying  oot 
the  Hopkins-Cole  reaction,*  Nitrates  (NaNOj  and  KXO»)  cntirdy 
prevent  llie  reaction  whereas  formaldehyde  or  nitric  acid  interfere 
somewhat.' 

4.  Biuret  Test. — To  1-3  cc.  of  egg  albumin  solution  in  a  test-tube  add  sa 
equal  volume  of  concentrated  potassium  hydroxide  solution,  mix  thorougblTi 
and  add  slowly  a  very  dilute  (1-5  drops  in  a  test-tube  of  water)  copper  sul|duitc 
solution  until  a  purplish -violet  or  pinkish -violet  color  is  produced.     The  deptk 

'  Hopkin-'  ;in'l  Cole:  Journal  a/ Pkyliolagy,  ij,  418,  19OS. 

*  ll(![iLiiir  ('<  <1t^  rcugcnl  U  ptrpat<d  as  follows:  To  one  liter  of  a  uluialMl  «a1ntioD  <i 
OAxTii'  .11  Jil  All  I  f'u  ^i.ims  of  uiduim  nmnlgiiin  and  allow  the  Olixturc  to  stand  unlil  lit 
evoluiiaii  I..)  >,-,i?  kiiiM.'-.     Fitter  iiiid<Jlluie  wild  1-5  volumnof  water. 

*  Beocilitt:  JourikU  of  BielogUal  CkrmistTy,  t,  ji,  1909. 

<  Benedirl'ii  modiiind  Tlonkinn-Colc  rrjtgcnt  a  piqiared  at  foUowi:  Ten  sr*si«  of  po<r- 
dered  mHKncsiuin  uit  placed  in  u  luriie  brlciiiurytr  Ik^k  and  shaken  up  with  enou(h  Sa- 
tilled  Hater  to  libttuUy  cover  the  maRiiciiiim.  Two  hundrtKl  nud  fifty  c.C.  of  a  cold.  »»I»!- 
atcd  solution  of  oxalic  acid  U  now  added  xlowly.  The  reaction  proceeds  very  rapidly  and 
with  the  UbcratloD  uf  much  heal,  »o  that  the  flask  should  be  cooled  under  rauuBS  w**" 
during  the  addition  of  the  acid.  The  content*  of  ibeflaiJi  are  ihaken  alter  the  addillcaef 
the  last  portion  of  the  acid  and  then  poured  upon  a  liltcr.  to  remove  the  insohiUe  moaDeiittB 
oialate.  A  little  va^  water  ih  ponrcd  through  the  filter,  the  liltraie  actdified  with  aMiC 
add  to  prevent  the  partiiil  prccipitalion  of  tljc  maKuraiUKi  oa  long  {ilanditii;.  anil  nmieuplt 
a  liter  with  distilled  water.  Thii  solution  contains  ooly  the  magDuiuiii  (alt  of  gl)-0Qfe 
add. 

*  Muthewioa:  DIsacilalioD  (Columbia  Univ.).  EscheDbach  Publishing  Co.,  EastOM,  F^ 
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d  the  color  depeods  iqtoa  the  luture  of  tho  protein;  proteoses,  and  peptones 
^riai  a  decided  pbik,  irtiQe  ttie  color  iat>diiced  with  gelatin  is  not  far  removed 
fran  a  bttie- 

This  reaction  is  given  by  those  substances  which  contain  two  amino 
ponfs  in  their  molecule,  these  groups  either  being  joined  directly 
together  or  throuf^  a  single  atom  of  nitrogen  oi  carbon.  The  amino 
groups  mentioned  must  either  be  two  CONHj  groups  or  one  CONHi 
group  and  one  CSNHi,  C(NH)NH»  or  CHjNH,  group.  It  foUows 
from  this  fact  that  substances  which  are  non-protein  ih  character  but 
niiidi  contain  the  necessary  groups  will  respond  to  the  biuret  test 
As  examples  of  such  substances  may  be  dted  oxamide, 

CONHi 

CONHi 

and  hiuret. 

CONH, 

\ 
NH. 

.     / 
CONHj 

Ihe  test  derives  its  name  from  the  fact  that  this  latter  substance  which 
is  formed  on  heating  urea  to  i8o°C  (see  page  375)  will  respond  to  the 
test.  Protein  material  responds  positively  since  there  are  two  CONHj 
groups  in  the  protein  molecule. 

According  to  SchifiE  the  end-reaction  of  the  biuret  test  is  dependent 
upon  the  formation  of  a  copper-potassium-biuret  compound  (cupri- 
potassium  biuret  or  biuret  potassium  cupric  hydroxide).  This  sub- 
itance  was  obtained  by  Schiff  in  the  form  of  long  red  needles.  It  has 
the  following  formula: 

OH  OH 

CO  -NH, Cu NHs-CO 

\  / 

NH  HN 

.     /  \ 

CO  NHi— K       K— NHfCO 

OH  OH 

Testing  Colored  Soluliofis  by  Biuret  Test. — If  the  color  of  the  solu- 
tion is  such  as  to  interfere  with  the  end-reaction  of  the  biuret  test, 
jfforaed  as  follows:  Make  the  solution  strongly  alkaline  with  potassium 
lydrozide  and  add  a  solution  of  copper  sulphate.  Shake  up  the  mixture 
nth  alcohol  and  if  protein  is  present  the  alcohol  will  assume  the  typical 
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biuret  coloration.  This  procedure  is  not  applicable  in  case  the  pigment 
of  the  original  solution  is  soluble  in  alcohol.  Excess  of  the  copper  salt 
need  not  be  avoided  in  this  test. 

Gies's  Biuret  Rfogatl.' — Gics  has  devised  a  reagent  for  use  in  the  biuret  tot. 
This  reagent  coi^ts  of  lo  per  cent  KOH  solution,  to  which  35  c.c  of  3  per  cent 
CUSO4  solution  per  liter  has  been  added.  This  imparts  a  slight  though  disUnct 
blue  color  to  the  dear  liquid.  This  reagent  is  of  material  assistance  in  pcrfonniiis 
the  biuret  test. 

Biuret  Paper,  oj  Kantor  and  Cits. — According  to  Kantor  and  Gies*  irhen 
filter  paper  is  immersed  in  the  above  reagent  and  subsequently  dried  it  fonm  a. 
very  satisfactory  "biuret  paper"  which  may  be  used  in  a  manner  anslogiMis  to 
indicator  papers.  Moist  papers  may  be  used  in  the  examination  of  powders  whicix 
are  neutral  or  alkaline  in  reaction.  In  preparing  the  "biuret  paper,"  if  the  filter 
paper  is  left  for  a  suflicient  length  of  time  in  the  reagent  all  traces  of  the  oopper 
sulphale  will  be  removed  from  the  solution. 

5.  Ring  Biuret  Test  (Posner). — Thb  test  is  particularly  satisfactory  for  use  on 
dilute  protein  solutions,  and  is  carried  out  as  follows.  To  some  dilute  egg  albumin 
in  a  test-tube  add  one-half  its  volume  of  potassium  hydroxide  solution.  Now  hold 
the  tube  in  an  inclined  position  and  allow  some  very  dilute  copper  sulphate  solutioii, 
made  as  suggested  on  page  98  to  flow  down  the  side,  being  especially  careful  to 
prevent  the  fluids  from  mixing.  At  the  juncture  of  the  two  solutions  the  typical 
end-reaction  of  the  biuret  test  should  appear  as  a  colored  zone  (see  Biuret  Test, 
page  98V 

6.  liebennaim's  RMctioiL^Add  about  10  drops  of  concentrated  egg  alhumia 
solution  (or  a  little  dry  egg  albumin)  to  about  5  c.c.  of  concentrated  HCI  in  a  U«t- 
tubc.  Boil  the  mi;iture  until  a  pinkish- violet  color  results.  This  color  was  ori^- 
nally  supposed  to  indicate  the  presence  of  a.  carbohydrate  group  in  the  piotdo 
molecule,  the  furfural  formed  through  the  action  of  the  acid  upon  the  protein  react- 
ing with  the  hydroxy  phenyl  group  of  the  protein  producing  the  pinkish-violet  cd«. 
It  is  now  considered  uticertain  whether  the  carbohydrate  group  enters  into  the  reac- 
tion. Cole  has  called  attention  to  the  fact  that  a  Uue  color  results  if  protein  mate- 
rial which  has  been  boiled  with  alcohol  and  subsequently  washed  vnth  ether  be  used 
in  making  the  test.  He  believes  the  blue  color  to  be  due  to  an  interaction  between 
the  glyoxylic  acid,  which  was  present  as  an  impurity  in  the  ether  used  in  washing 
the  protein,  and  the  tryptophane  group  of  the  protein  molecule  which  was  split  ofi 
llirimgh  the  action  of  the  acid. 

7.  Acree -Rosenheim  Formaldehyde  Reaction. — Add  a  few  drops  of  a  dilute 
(I  ;  5000)  solution  of  formaldehyde  to  1-3  c.c.  of  egg  albumin  solution  in  a  test-tube. 
Mix  ihoruughly  and  after  two  to  three  minutes  carefully  introduce  a  little  coucen- 
tratcd  sulphuric  acid  into  the  tube  in  such  a  manner  that  the  two  solutions  do  not 
mix.  A  violet  zonf  will  be  obser\-cd  at  the  point  of  juncture  of  the  two  scdutioni, 
especially  if  the  mixture  is  slightly  agitated.  This  color  probably  results  throu^ 
the  union  (if  the  proifin  and  the  formaldehyde.  If  the  sulphuric  add  is  added  to  the 
protein  before  the  formaldehyde  is  added  the  typical  end-reaction  is  not  obtained. 
So  far  as  is  known  this  is  a  spc-cific  test  for  proteins.  The  reaction  cannot  beapplied 
sniistactorily  with  concentrated  formaldchydc- 

'  (lies:  I'rocceiiinK*  I'f  ."^initty  of  Blulogical  t'licniisls.  Journal  of  Biolegicai  Ckemiilij, 
7,  ()o.  igio. 

'  Kantor  ami  (Jies:  I'roe.  Soc.  Biol.  Chem.,  p.  11,  1910. 
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I  Rotenbeim  cUinu  the  reaction  is  due  to  the  presence  of  oxidixing  maleriiil  in 
I  ttemlphunc  add  and  that  wh«n  pure  Buiphurie  acid  is  used  no  reaction  is  obtained. 
I  HcadvBC*  the  u»e  of  a  slight  amount  of  an  oxidizing  agent,  e.g.,  ferric  chloride  or 
I  poussium  niliatc  (0005  gram  per  100  c.c.  of  sulphuric  acid)  in  order  to  fncihlatc 
I  iht  KUtion.  Roscnheini  further  ^latci  that  proteina  respond  to  tlie  formalilehyde 
I  Ttub'im  because  of  the  presence  of  tbc  lrypu>pkane  group,  a  statement  which  Acrcc 
I     dm  not  accept  as  proven. 

I  8.  Burdtcb'c  Retction.'— Thi*  is  one  of  the  most  reccnl  icsw  which  hnvc  been 

I     4(saibeil  for  the  detection  of  protein  material.     The  icst  <lcpend8  upon  ih*  property 
I     pcuesed  by  protein  substAnc«  of  preventing  the  formation  of  typical  iodoform 
I     a>ittls  through  tbc  interaction  of  an  alkaline  acetone  solution  with  iodopolassium 
I     iodide.    Instead  of  the  typical  hexagond,  jilaies  ur  stellar  furmation>  of  iodoform 
I     thtKiie  produced,  under  the  conditions  of  the  tesl.jinc  ydl<m  nrfitUs  which  arc 
I     it>puttil]y  »oroe  iodine  compound  other  than  iodoform.     The  technic  of  the  test 
I     iiufollows:  ■  Plaeeabout  sec.  of  the  protein  solution' under  examination  in  a  test- 
I     lilif,  add  J-3  drops  of  a  o.  $  per  cent  solution  of  acetone  and  sufficient  Lugol's  solu- 
I     lion'  to  supply  a  moderate  exciess  of  iniline  and  produce  a  rrd-brovrn  coloration. 
I     (Tilt  amount  of  Lugol's  solution  necessary  will  depend  upon  the  contcjit  of  protein, 
I    wfu,  and  other  ioiline- reacting  substancH  in  the  solution  undrr  rx^minaiion  and 
nay  vary  from  one  drop  to  several  cubic  centimeters-)    Add  an  excess  (ordinarily 
ibout  3  c.c.)  of  concenlrateil  ammonium  hydroxide  and  thoroughly  mix  the  solu- 
lioo.     Place  tbc  tube  in  the  tcsl-tubc  rack,  examine  ihc  contents  at  intervals  of 
five  minutes,  and  when  it  is  evident  that  crystals  have  formed,  place  a  drop  of  the 
mature  upon  a  microscopic  slide,  put  a  cover-glass  in  position,  and  examine  the 
auxture  under  the  microscope.    The  formation  of  canary  ydlow  erytiati  indicates 
the  presence  of  protein  material  in  the  solution  examined.    The  cr>-stals  arc  ordi* 
narily  needle-like  io  appearance  and  show  a  tendency  to  assume  rosette  or  bundle- 
tike  foimationf,  but  un<lcr  certain  conditions  they  may  show  knobbed  (nnil-likc) 
jB'i  branching  variations. 

B  If  a  moderate  excess  of  iodine  is  used  in  making  the  test,  a  black  precipitate 
B  iodonilro  compounds  b  at  once  formed  upon  the  addition  of  the  ammonium 
Plydroxide,  and  yellow  needles  are  aubseiiuently  depouted  u|>on  it.  In  caie  just  the 
proper  amount  of  iodine  is  used,  the  solution  soon  assumes  a  yellow  color  and  the 
black  precipitate  formed  upon  the  addition  of  tlie  ammonium  hydroxide  is  gradually 
tranxfomml  more  or  less  completely  into  the  yellow  crystals.  In  either  cose  the 
needles  ordinarily  form  within  an  hour,  and  frequently  in  a  much  shorter  time. 
If  too  great  an  excess  of  iodine  is  employed  the  heavy  hinck  precipitate  may  obscure 
or  even  prevent  the  reaction,  The  presence  of  insulficient  iodine  or  excess  protein 
may  likewise  prevent  the  reaction.  In  tests  in  which  a  concentrated  protein  solu* 
lion  and  an  excess  of  iodine  arc  used,  the  adcUtioa  of  ammonium  hydroxide  tm- 
mediately  produces  a  grayish-green  precipitate.  In  such  instances,  if  the  propor- 
tions are  favorable  and  the  mixture  be  slirml  with  a  glass  rod  for  a  few  minutes, 
the  precipitate  is  gradually  transfornied  into  the  crystals  before  mentioned. 

It  is  probable  that  nil  soluble  proteins  will  respond  to  BnrtUcb's  reaction,  but 
the  relative  delicacy  of  the  reaction  as  well  as  the  value  of  the  test  as  compared  with 

'  BairUch:  ZHitehrifl  I'tir  Physu^iitUt/ir  Chrmi/.  54,  J55,  190H;  aUo  Seaman  and  Cies: 
FfO£<fdiHt»  »f  lilt  SiKttty  fitr  Eip^imriUiil  Biology  ani  ilriicinr,  5,  iij,  1908. 
'  The  lolulioD  ifaould  not  tont&in  more  than  %  per  cent  uf  prDldn  material. 
■  Oiwulve  4  grams  of  iodine  itail  6gTAniKof  poiassiuniiodiilicin  looccof  distilled  water. 
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Other  piotein  tests  tetnain  to  be  detennin>ed.    The  only  distutbiog  factor  noted 
tbu»  far  is  the  prcMoce  of  nrthy  phosphates  in  the  solution  under  examiiiatMa. 

PRECIPITATION  REACTIONS  AND  OTHER  PROTEIN  TESTS 

There  are  three  forms  in  which  proteins  may  be  precipitated,  i4„ 
unaltered,  as  an  albumittate,  and  as  an  inioluhle  sail.  An  instance  of  ibe 
precipitation  in  a  native  or  nnalured  condition  is  seen  in  the  &o-calkd 
salting-out  experiments.  Various  salts,  notably  (NH4)iS0«,  ZnSOi, 
MgS04,  NssSO*  and  NaCI,  possess  the  power,  when  added  in  solid fom^o 
certain  definite  protein  solutions,  of  rendering  the  menstruum  incapable 
of  holding  the  protein  in  solution,  thereby  cau^ng  the  protein  to  be 
precipitated  or  salkd-out,  to  use  the  common  term.  Mineral  acidsaod 
alcohol  also  precipitate  proteins  unaltered.  In  the  case  of  concentratid 
adds  the  protein  is  dbsolvcd  in  the  presence  of  an  excess  of  add  witb 
the  formation  of  a  protein  salt.  Proteins  arc  precipitated  as  a/In- 
minates  when  treated  with  certain  metallic  salts,  and  prcdpitated  ai 
ins^uble  sails  when  weak  organic  acids  such  as  certain  of  the  alkalcudil 
reagents  arc  added  to  their  solutions. 

Ifccrtainadds(picric,  phosphotuugsticphosphomolybdic,  tannic,i>r 
cbromic)  be  added  to  a  neutral  albumin  solution  a  precipitate  of  u 
insolnbU  protein  salt  occurs.  If,  however,  the  suilts  of  these  adds  be 
added  no  prcdpitate  occurs.  The  addition  of  a  small  amount  of  addt 
as  acetic  add,  to  such  a  solution  will  cause  a  precipitate  to  form.' 

The  effect  of  the  addition  of  the  salts  of  the  heavy  metals  is  in  the 
first  instance  to  cause  a  predpitation  of  the  protein.  In  many  cases, 
however,  the  addition  of  an  excess  of  such  salts  causes  the  solution  of 
the  predpitate  while  a  further  excess  may  cause  a  reprecipitation.  The 
prcdpitate  which  is  first  formed  in  a  protein  solution  by  the  addition* 
of  the  salts  of  the  heavy  metals  may  be  rcdissolvcd  not  only  by  aJ» 
excess  of  such  salts  but  by  an  excess  of  protein  as  well.* 

It  is  generally  stated  that  globulins  arc  precipitated  from  their  si 
lions  upon  half  saturation  with  ammonium  sulphate  and  that  albumin^ 
arc  prcdpitated  upon  complete  saturation  by  this  salt.    Comparatively 
few  exceptions  were  found  to  this  rule  until  proteins  of  vegetable  origin 
came  to  be  more  extensively  studied.    These  studies,  furthered  eft* 
peciaJly  by  Osborne  and  associates,  have  demonstrated  very  clearly 
that  the  characterization  of  a  globulin  as  a  protein  which  is  precipitated 
by  half  saturation  with  ammonium  sulphate,  can  no  longer  hold. 
Certain  vegetable  globulins  have  been  isolated  which  arc  not  prcdpi- 

'  Mathena:  Amrr.  Jour,  ef  Fhyiiolety,  i,  445,  i8g8. 

*Pauli:  lla/nKUtfT'i  Btitraie,  t>,  sjj,   1904'^;;  KobcttKin:  Ergthnuse  ier  PkysMo^, 
10,  V)0,  1910. 
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Ited  by  this  salt  until  a  concentration  is  reached  greater  than  that 

secured  by  half-saturation.    As  an  cxam]}lc  of  an  albumin  wbich  does 

not  confonn  to  the  definition  of  an  albumin  as  regards  its  predpitation 

by  ammonium  sulphate  may  be  mentioned  the  leucosin  of  the  wheat 

germ,  which  is  precipitated  from  its  solution  upon  Aa//-3aturation  with 

ammonium    sulphate.    Tlie  limits   of   precipitation   by   ammonium 

sulphate,  therefore,  do  not  furnish  a  sufficiently  accurate  basis  for  the 

H^ifrerenliation  of  globulins  from  albumins.     It  has  further  been  detcr- 

IPdined  that  a  given  protein  which  is  precdpitable  by  ammonium  sulphate 

cannot  be  "saltcd-out"  by  the  same  concentration  of  the  salt  under  all 

conditions. 

EXPERIMT.NTS 


^Trepaie 


I.  Influence  of  Concentrated  Mineral  Acids,  Alkalis  and  Organic  Acids. — 
e  five  (est-tubes  each  contaioinE  5  c.c.  of  concentialed  egg  albumin  »>lu- 
tion.    To  the  first  add  concennalod  H:SOi,  drop  by  drop,  until  an  excess  of  the 
uid  hts  been  added.    Note  any  changes  which  may  occur  in  the  solution.    Allow 
ftc  tube  to  stand  for  34  hours  and  at  the  end  of  that  period  observe  any  altera- 
tion which  may  have  taken  place.    He«t  the  tube  and  note  any  further  change 
vUdi  may  occur.     Repeat  the  experiment  in  the  four  renuining  tubes  with 
teoctatrated  hydrochloric  acid,  conceuuated  nitric  acid,  concentrated  potassimn 
hydndde  and  acetic  add.     How  do  strong  mineral  acids,  strong  alkalis,  and 
^.■tosg  organic  acids  diSer  in  their  action  toward  protein  solutions? 
^1     1.  Precipitation  by  Metallic  Salts. — Prepare  four  tubes  each  containing  2-3 
^b&cf  dflnte  egg  albumin  solution.     To  the  first  add  mercuric  chloride,  drop  by 
Vdnpdovty,  until  an  excess  of  the  reagent  has  been  added,  noting  any  changes 
vhkh  may  occur.    If  not  added  very  gradually  the  formation  of  the  precipitate 
[      mijnot  be  noted,  due  to  its  solubility  in  excess  of  the  reagent    Repeat  the  ea- 
penaient  with  lead  acetate,  silver  nitrate,  copper  sulphate,  ferric  chloride,  and 
twiium  chloride,  usin(  very  dilute  solutions. 

Ekk  albumin  is  used  as  an  antidote  for  lead  or  mcrcur>'  poisoning. 
W'hy?    Isitanequ.iltygood  antidote  for  the  other  metallic  salts  tested? 

y  PrecipttatioD  by  Alkaloidal  Reagents. — Prepare  six  tubes  each  containing 
i'i  cc.  of  dnule  «gg  albumin  solution.  To  the  first  add  picric  acid  drop  by  drop 
ButO  ta  exceu  of  the  reagent  has  been  added,  noting  any  changes  which  nuy 
*«at.  Repeat  the  experiment  with  trichloracetic  acid,  tannic  acid,  phospho- 
'Uptic  add,  phosphomolybdic  acid,  and  potassio -mercuric  iodide-  Are  these 
PK^tatct  soluble  in  excess  of  the  reagent?  Acidify  with  hydrochloric  add 
More  testing  with  the  last  three  reagents. 

4.  Kitric  Add  Test  Heller,'.  -Place  5  C.c.  of  concentrated  nitric  add  in  a 
*(tt-lnbe,  incline  the  tube,  and  by  means  of  a  pipette  allow  the  dilute  albtunln 
talotioa  to  flow  slowly  down  the  side.  The  liquids  should  stratify  with  the 
toriMtion  of  a  white  zone  of  precipitated  albumin  at  the  point  of  Juncture.  This 
■a  very  deUcate  test  and  is  further  discassed  on  page  423- 

.in  apparatus  called  the  dbu-m'naj/e  o:  hurumMicope  ba&  been  devised  for  use  ^ 
b  the  tests  of  ihb  duractrr  nnr!  h:is  met  with  conitiderable  favor.    The  method  of 
■itig  the  albumoscopc  is  described  on  p.  104.    The  instrument  is  shown  in  Fig. 
W,  P-  414- 
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Use  of  the  Albumoscoft. — Thift  m&irumeDi  b  iatended  to  (acUitate  the  making  of 
"ring"  tests  sucb  as  HeUui'x  nnd  Kobcrt)^'.  In  oMking  3.  test  about  j  C^  of  tbc 
solation  under  eiaminatioaU first  introduccdiiUo  the  appanitui  through  the  biger 
ann  and  the  rcaRcnt  uM-d  in  the  particular  leit  U  then  introduced  through  the  capit- 
lar>'  arm  and  allowed  to  flow  down  underneath  the  solution  under  exjiminatbE. 
l(a  rraK(>iinl>le  amount  of  care  U  taken  thereixnoi>uMtbility  of  mixtne  live  twosdu- 
tiODS  and  a  definitely  dcfinrd  white  "rinK"  is  easily  obtained  at  the  zouc  of  contact. 

5.  Hittjc  Acid— MgSOi  Test  (RobertB). — Place  5  c.c.  of  Roberts*  reaceot'  ia 
a  test-tube,  incUne  the  tub«,  and  by  means  of  a  pipette  allow  the  albumin  solu- 
tion to  flow  slowly  down  the  side.  The  liquids  should  stratify  with  the  fomulioi) 
of  a  white  zone  of  precipitated  albumin  at  the  point  of  juncture.  This  test  It  a 
modification  of  Heller's  ring  test  and  is  rather  more  satisfactory.  The  slbmno- 
SGope  may  also  be  used  in  nuking  this  test  isee  Fig.  130,  page  AH}- 

6.  Spiegler's  Ring  Test.— Place  s  cc-  of  Spicgler'a  icagent*  in  a  lc»t>iulK,  I 
dine  the  lubr,  and  l>y  mean.H  of  a  pipette  allow  5  c-c.  of  albumin  solution,  ac 
vrith  acetic  acid,  to  flow  slowly  dawn  tbc  side-     A  white  eodc  will  form  at  the  painty 
of  contact.     I'hli  is  an  exceeding))'  delicate  lest.  In  fact  loo  delicate  for  ordiairr 
clinical  purposes,  since  it  servei>  to  detect  albumin  when  present  in  the  merest  irict 
{l :  3;o,ooo).    This  teat  is  further  discussed  on  page  414. 

7.  Tanrefa  Test— To  j  c.c.  of  albumin  solution  in  a  t(«t-tubc  add  Tann-i'i 
reagent.*  drop  by  drop,  unlU  a  turbidity  or  precipitate  forms.     This  is  an  t\uttr 

■  tngly  delicate  tr-»l-  Sometimc-t  the  albumin  wiluliun  in  Ktratified  upon  the  rcagtst 
as  in  Heller's  or  Roberts'  ring  tests.  In  urine  examination  it  b  claimed  by  RepitOD 
that  the  presence  of  urates  lowers  ihe  delicacy  of  the  test.  Tanret  claims  that  iht 
removal  of  urates  is  not  neccssar>'  inasmuch  as  the  urate  precipitate  will  duappat 
on  warming  and  the  albumin  precipil;ite  will  not-  Hr  Kiyt,  however,  that  tsudn  . 
interferes  with  the  delicacy  of  his  test  and  should  be  removed  by  acidification  vilkB 
acetic  acid  and  filtration  hviute  leaiinj;  (or  albumin.  V 

8-  Sodium  Chloride  and  Acetic  Acid  Test.—  Mix  2  Tolumes  of  albumin  solu- 
tloo  and  I  volume  of  a  satiuated  solution  of  sodium  chloride  in  a  test-tube,  acidif;^ 
with  acetic  acid,  and  heat  to  boiling.     The  production  of  a  cloudiness  or  llisV 
forroation  of  a  precipitate  indicates  the  presence  of  albumin. 

9.  Acetic  Acid  and  Potassium  Perrocyanide  Test. — To  5  cc.  of  dilute  efg 
albumin  solutioD  in  a  test-tube  add  5-10  drops  of  acetic  acid.  Mix  well  and 
add  potassium  ferrocyaoide,  drop  by  drop,  tmlil  a  precipitate  forms.  This  tMt 
is  very  delicate. 

Schmiedl  claims  that  a  precipitate  of  Fe(Cn)»KiZn  or  Fe(CB) 
Zdi,  is  formed  when  solutions  contaitiiDg  ziac  are  subjected  to  this 
and  that  this  precipitate  resembles  the  precipitate  secured  with  protei 

'  Kobcris'  reaKcnt  h  fomposcd  of  1  volume  of  concentrated  HNt]|  and  5  voluniMeltj 
nturatcd  solutinn  of  Ali;SOi. 

'  SpieRlcr's  rcHKtiit  )iai  tliv  folluwiiiic  cumposllSon : 

Tartaric  «cid.  70  gram*. 

Meirurii:  chloride  40  grams. 

Sodium  chloride  .     s°  (ramt. 

Glycerol     .....  . .  too  grami- 

Diititled  water tooo  gramt. 

'Tanrei's  rraaent  isprvparedailollowft:  PimoIvc  i-fj  crams  of  mercuric  chloride  in  H 
cc.  of  water,  add  to  thi*  solution  3.51  grams  uf  putas&ium  iodide  ditaolved  in  15  cx  u 
water,  ihrti  make  the  total  toluiion  up  to  oa  c.c.  with  water  unil  add  30  ex.  of  gUdal  acTlX 
acid  M  (lie  tombined  toluliuiiiu 
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shitions.  In  the  case  of  human  urine  a  reaction  was  obtained  when 
.000023  gram  of  zinc  per  cubic  centimt-tvr  was  present.  Schmiedl 
irthcr  found  that  the  urine  collected  from  rabbit.s  housed  in  zinc-iined 
ages  possessed  a  zinc  content  which  was  sufficient  to  yield  a  ready  re- 
[lonse  to  the  test.  Zinc  Li  the  only  interfering  sub<>tancc  tio  far 
Bporled. 

10.  S^lting-out  Experiments.— (a)  To  2$  CC.  o(  egg  albumin  solution  in  a 
inatl  beaker  add  solid  ammonitun  sulphate  to  the  point  of  saturation,  keeping 
le  temperature  of  the  solution  below  40''C.  Filler,  test  the  precipitate  by 
lUIon'B  reaction  and  the  filtrate  by  the  biuret  lest.  What  are  your  conclu- 
ioos?  (bl  Repeat  the  above  experiment,  making  the  saturation  with  solid 
oditun  chloride.  How  does  this  result  diSer  from  the  result  of  the  saturation 
ritb  Kounoniutn  sulpbate?    Add  2  3  drops  of  acetic  acid.    What  occurs? 

All  proteins  extept  peplones  are  precipitated  by  saturating  their 
ulutioos  with  ammonium  sulphate.  Globulins  are  the  only  proteins 
[trecipitated  by  saturating  with  sodium  chloride  («ee  Globulins,  page 
108),  unless  the  .saturated  .solution  is  subsequently  acidilicd,  in  which 
event  all  proteins  except  peptones  are  precipitated. 

Soaps  may  be  salted-out  in  a  similar  manner  (see  page  181). 

II.  Coagulation  or  Boiling  Test.-  Heat  35  c.c.  of  dilute  egg  albumin  solution 
tothc  tKulin^-point  in  a  small  evaporating  dish.  The  albumin  coagulates.  Com- 
pile coagulation  may  be  obtained  by  addifpng  the  solution  with  3-5  drops  of 
ictiic  acid'  at  the  boiling-point.    Test  the  coagulum  by  MllUm's  reactioii. 

The  acid  is  added  to  neutralize  any  po.'i.sibSe  alkalinity  of  the  solu- 
tion, to  dissolve  any  substances  which  are  not  albumin  and  to  facilitate 
coagulation  (sec  further  discussion  on  pages  117  and  434). 

B  ti.  Coagulatioa  Temperature.-  -Prepare  four  test-tubes  each  containing  s  c.c 
^seotral  egg  albumin  solution.  To  the  first  add  i  drop  of  0.3  per  cent  hydro- 
ciilorit  acid,  to  the  second  add  i  drop  of  0.5  per  cent  sodium  carbonate  solution, 
to  the  third  add  i  drop  of  10  per  cent  sodium  chloride  solution  and  leave  the 
fwnh  neutral  in  reaction.  Partly  fill  a  beaker  of  mediimi  size  with  water  and 
^e  it  within  a  tecond  Uirger  beaker  which  also  contains  water,  the  two  vessels 
'^H  separated  by  pieces  of  cork.  Fasten  the  four  test-tubes  compactly  together 
^f  nuans  of  a  rubber  band,  tower  them  into  the  water  of  the  inner  beaker  and 
>'>sp«adthem,bymeansof  aclampattached  tooneofthetubes,insuch  a  manner 
thit  the  albumin  solutions  shaU  be  midway  between  the  upper  and  lower  sur- 
'lUi  of  the  water.  In  one  of  the  tubes  place  a  thermometer  with  its  bulb  entirely 
tieaeith  the  surface  of  the  albumin  solution  ^Fig.  36).  Gently  heat  the  water  in 
"i*  beakers,  noting  carefully  any  changes  which  inay  occur  in  the  albumin  solu- 
^""i  and  record  the  exact  temperature  at  which  these  changes  occur.  The 
^'''appearance  of  an  opacity  in  an  albumin  siilutiun  indicates  the  commencement 
(4  coiguJAtion  and  the  temperature  at  which  this  occurs  should  be  recorded  as 
f'*  coagulation  temperature  for  that  particular  albumin  solution. 

^'Kitrit  acid  isullcn  oicA  in  pl.n.-  -A  atcln  .liiil  in  this  Icsl.  In  cfisc  nilric  itiil  is  used, 
MtouJlT  r-3  drops  are  iu&i:irnt. 
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What  is  th«  order  Ld  which  th«  (our  Bolntions  coagulate? 

Repeat  the  ejtperiment,  adding  to  the  fiisl  tube  i  drop  of  acotic  add,  to  tba 

second  i  diop  of  concentrated  potassium  hydroxide  sohitioo,  to  tlie  third  a  dnfi 

of  a  10  per  cent  sodium  chloride  solution  and  leave  the  fourth  nentnl  as  before 

What  is  the  order  of  coagulation  here?    Why?    See  page  ri6. 

ly  Prccipiiauoa  by  Alcohol. —Prepare  three  test-tubes  each  conuiiiifl| 

about  lo  C.C  of  95  per  cent  alcohoL    To  the  first  add  i  drop  of  0.3  per  col 

hydrochloric  add,  to  the  second  i  drop  of  pottt> 
Slum  hydroxide  solution  and  leave  the  third 
neutral  in  reaction-  Add  to  each  tube  a  («• 
drops  of  egg  albumin  solution  and  note  the  if 
sidts.  What  do  you  conclude  from  this  expiA- 
meot? 


oa 


If  in  acid  or  neutral  solution  alcolicl 
precipitates  proteins  unaltered,  but  if  al- 
lowed to  remain  under  alcobol  the  protein  is 
transformed.  'iTie  "fixing"  of  tLisues  for 
histological  examination  by  means  of  al- 
cohol is  an  illustration  of  the  applicatira 
of  this  transformation  produced  by  alcohol. 
It  apparently  is  a  process  of  dehydration. 

14.  Crystallizatian  of  Egg  Atbamio.' — Cut- 
luUy  icinovi-  ihr  cgg-ohite  from  a  number  ef 
absolutely  fresh  cggB*  Measure  the  volume <d 
the  cgg-whitc  and  add  ancqual  volume  of  saltu- 
ated  ammoDium  sulphate  a  small  portion  it  i 
time,  healing  the  mixture  vigorously  after  tidi 
addition.'  Tiltrr  the  mixture  through  a  lai|e 
pleated  filter  paper.*  Measure  the  volume  of 
the  filtrate.  To  100  c.C.  ol  the  filltale  add  voj 
carefully  a  10  per  cent  solution  of  acetic  acid  (nn 
ft  burette  heing  ccrluin  lo  note  the  eiact  volume 
of  the  acid  used.  The  acid  should  be  added  iltcip 
by  drop,  the  albumin  mixiure  being  gently  shaken 
during  the  process.  Add  add  until  the  prec^ 
tale,  which  forms  at  each  addition  Lt  no  lunger  dissolved  when  the  albunnn  b 
shaken,  and  an  opalncent  mixture  is  secured.  (It  U  generally  rather  difficult 
to  determine  this  point,  inasmucb  a»  impended  air  bubbles  may  simulate  a 
predpitate.)  As  soon  as  tbc  solution  is  milky,  indicating  that  a  permanent  pre- 
dpltate  has  formed,  run  in  from  the  burette  1  c.c.  of  the  acetic  acid.  This  should 
produce  a  heavy  white  precipitate.  Now  ^nk*^  the  burette  reading  to  determine 
the  exact  volume  of  acifl  used  in  the  treatment  of  100  c.c  of  the  albumin  nuxtur^ 


Fig.  46. — CoACCMTioN  Teupera- 
TcaE  Appasatds. 


'  Hopkiot  and  Pinkiig;  Jmr.  FkytM.,  ij. 
'  I(  not  pcrfeclly  lirtb  the  albumin  will  not  cryitaUiw;. 
'  Note  the  odor  of  amnionia.     What  cauie^i  it? 

*  Sometime*  better  rr«ult4  ait  obtained  by  permitting  the  mixture  to  ttsni)  scrtnl 
hours  bcfors  filttrioK. 
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KculUe  th«  exact  Tolume  of  add  necessary  to  predpiuie  the  rem&{ain£  portion 
if  the  orixitial  albumin  mixture  and  mid  this  calculated  quantity.  Mix  the  two 
wtttons  of  albumin  and  aUow  to  staud  over  night.  Removes  drop  of  the  suspended 
oaterial  to  a  slide  and  cmminc  microscopically.  Crystals  in  tlic  form  of  fine 
icedles  will  be  obscT\-ed.  Tlus  is  the  crystallized  egg  albumin.  To  recrystallize, 
liter  oS  tbc  cr^'ttal.i  nnd  dUiwIve  Ihcm  in  the  imollect  possible  volume  of  water. 
■liter,  and  to  ibc  filtrate  carefully  add  saturated  ammonium  sulphate  until  a  faint, 
>eniunent  precipitate  »  formed.  Allow  tlie  mixture  to  ntaod  SL-veral  hours  and 
lujnine  as  before.  The  crystals  of  albumin  should  be  somewhat  larger  than  when 
list  examined. 

Tbc  above  method  nuy  also  be  used  for  crystaUtxing  serum  albumin  from  the 
frMh  blood  serum  of  the  horse,  mule  or  ass. 

15.  Preparation  of  Pnrdered  Egg  Albumin. — This  may  be  prepared  as  follows: 
OnUaary  egg-white  finely  divided  by  means  of  scissors  or  a  beater  is  treated  with 
i  vohuDCS  of  water  and  filtered.  The  filtrate  is  evaporated  on  a  water-bath  at 
about  jo'C.  and  the  residue  poivdcred  in  a  mortar. 

i&  Tests  on  Powdered  Egg  Albumin. — With  powdered  albumin  prepared  as 
described  above  (by  yourself  or  furnished  by  the  instnictor),  try  the  following 
tests: 

(a)  Solubility.' — Test  the  solubility  of  the  albumin  in  water,  sodium  chloride, 
(Mute  add  and  alkali. 

(b)  HiUon's  Reaction. 

(c)  Glyoxylic  Acid  Reaction  (Hopkins-Cole).— When  used  to  delect  the 
pitsence  of  protein  In  solid  form  this  reaction  should  be  conducted  as  follows: 
Plus  5  cc  of  concentrated  sidphuric  add  in  a  test-tube  and  add  carefully,  by 
uus  of  s  i^petie,  3-5  c.c.  of  Hopkinit-Cole  reagent.  Introduce  a  small  amount 
of  die  solid  substsocc  to  be  tested,  agitate  the  tube  slightly,  and  note  that  the 
suspended  pieces  assume  a  reddish -violet  color,  which  is  the  characteristic  end- 
ruction  of  the  Hopldns-Cole  test;  later  the  solution  will  also  assume  the  reddish- 
tidlet  color. 

(d)  Compotition  Test.  -  Heat  some  of  the  dry  powder  in  a  dry  test-tube  in 
*hich  is  BUSpeilded  a  strip  of  moistened  red  Utmus  paper  and  across  the  mouth  of 
tttich  is  placed  a  piece  of  filter  paper  moistened  with  lead  acetate  solution. 
Ks  the  powder  is  heated  it  chars,  indicating  the  presence  of  carbon ;  the  fumes  of 
unmonia  are  evolved,  turning  the  red  litmus  paper  blue  and  indicating  the  pres- 
ence of  nitrogen  and  hydrogen;  the  lead  acetate  paper  is  blackened,  indicating 
the  presenee  of  sulphtir,  and  the  deposition  of  moisture  ou  the  side  of  the  tube 
bdicates  the  presence  of  hydrogerr.    Moisture  indicates  hydr<^en  only  in  case 

f[  powder  and  test-tube  used  in  the  test  are  absolutely  dry. 
[•)  Coagulation  Test. ^Immerse  a  dry  test-tube  containing  a  little  powdered 
tlbumin  in  boiling  water  for  a  few  moments.  Remove  and  lest  the  solubility 
)(  Ihe  albtmiin  according  to  the  directions  given  under  (aj  above.  It  is  Mill 
wlnble.  Why  has  it  not  been  coagulated?  Repeat  the  above  experiments 
sith  powdered  serum  albumin  and  see  bow  the  results  compare  with  those 
intt  obtained. 


^D 


SULPHUR  IN  PROTEIN 

iilphur  is  believed  to  be  present  in  two  different  forms  in  the  pro- 
molccule.    The  first  form,  wliicli  is  present  in  g,t«it.t«.^  sltqicwxA, 
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is  that  loosely  combincti  with  c:irl>on  and  hydrogen.  An  cxani| 
this  combination  iii  shown  in  cystine. 

CH,-&-SCH, 
■  CU-NU,   CU-XUt 

^  COOH      COOH 

Sulphur  in  thit)  form  !»  v.-iriously  termed  unoxi4iieti,  looseJy  ccm 
mercapUxn,  and  lead-blackening  sulphur.  The  second  form  is  conii 
in  a  more  stable  manner  with  cnrbon  and  oxy^n  and  is  knoii 
oxidized  OT  acid  &\ii\yhuT.  Ttic  protamiavs  arc  the  only  class  of  suit 
free  proteins.  J 

Tests  roR  Sulpuuk  , 

1.  Tests  (or  Unoxidized  Sulpbur.— (a)  To  eqiul  rolumes  ot  KOU  a^ 
albumin  solutions  in  a  test-tube  add  i  i  drops  of  lead  acetate  solution  and  li 
mixture.  Unoxtdlzed  sulphur  ia  indicated  by  a  datkening  of  the  solutlfl 
color  deepening  into  a  black  if  sullicirnt  sulphur  is  present.  Add  hydrM 
acid  and  note  the  characteristic  odor  evolved  from  the  solution.  Write  tba 
tions  for  this  test,  (b)  Place  equal  volumes  of  KOH  and  egg  albumiu  sol 
LD  a  test-tube  and  boil  the  mixture  vigorously.  Cool,  make  acid  with  | 
acetic  acid  and  add  i  2  drops  of  lead  acetate.  A  darkening  indicates  th« 
ence  of  uuoiidized  sulphur. 

2.  Test  for  ToUl  Sulpbur  (Unoxidized  and  Oxidized). — Place  the  subi 
to  be  examined  (powdered  egg  albumin)  in  a  small  porcelain  cmcible,  add  1 
able  amount  of  solid  fusion  mixture  isodium  carbonate  and  potassium  t 
mixed  in  the  proportion  3:11  and  heat  carefully  until  a  colorless  mixture  p 
(Sodium  peroxide  may  be  used  in  place  of  this  fusion  mixture  if  desired. 1 
dissolve  the  cake  in  a  little  warm  water  and  filter.  Acidify  the  filtrate  withl 
chloric  acid,  heat  it  to  the  boiling-point  and  add-a  small  amount  of  barium 
ide  solution.  A  white  precipitate  forms  if  sulphur  is  present.  What  | 
precipitate?  1 

GLOBULINS  1 

Globulins  are  simple  proteins  especially  prcdominaDt  in  the 
table  kingdom.    They  arc  closely  related  to  the  albumins  and  il 
mon  with  them  give  all  the  ordinary  protein  tests.    Globulins 
from  the  albumins  in  being  insoluble  in  pure  fsalt-free)  water, 
are,  however,  soluble  in  neutral  solutions  of  .^alts  of  strong  basej 
strong  adds,     Most  globulins  are  precipitated  from  their  soluti<i 
saturation  with  solid  sodium  rhloridt^  or  magnesium  sulphate. 
class  they  arc  much  less  stable  than  the  albumins,  a  fact  shown 
incrca»ng  difliculty  with  which  a  globulin  dissolves  during  the  c 
successive  reprecipi  la  tions.  , 

We  have  used  an  albumin  of  animal  origin  (egg  albumin), 
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the  protein  tents  thus  far,  whereas  the  globulin  to  be  studied  will  be 
pr^rcd  from  a  vegetable  source.  There  being  no  essenlial  difference 
kWcen  animal  and  vegetable  proteins,  the  vegetable  globulin  we  shall 
study  may  be  taken  as  a  true  type  of  all  globulins,  both  animal  and 
,  wgelable. 

Experiments  on  Gwbuun 

Prcpantion  of  the  Globulin. — Extract  30-30  grams  (a  handful)  of  crushed 
itmf  seed  with  a  5  per  cent  solution  of  sodium  chloride  for  one-half  hour  at 
4oX-  Filter  while  hot  through  a  paper  moi&iened  with  5  per  cent  sodium  chloride 
lotuiioD.  Place  the  filtrate  in  the  wntcr-bHth  at  60  C.  and  allow  It  to  stand  for 
14  hoiirs  in  order  that  the  globulin  may  crystallize  slowly.  In  case  the  filtrate  is 
doudy  it  should  be  wsrmcd  to  6o"C.  in  order  to  produce  a  dear  solution.  The 
globulin  is  soluble  in  hot  s  per  cent  sodium  chloride  solution  and  is  thus  extracted 
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the  hemp  seed,  but  upon  cooling  this  solution  much  of  the  globuhn  sepftrates 

trygtaOinc  form.  This  parhculai  globulin  is  called  edestin.  It  crystaUizes 
in  HTeral  different  forms,  chiefly  octahedra  (see  Fig.  37,  above).  [The  crystal- 
faie  form  of  cxcelsin,  a  protein  obtained  from  the  Brazil  nut,  is  shown  in  Fig.  38, 
p.  no.  This  vegetable  protein  crystallizes  in  the  form  of  hexagonal  plates.) 
Filler  off  the  edestin  and  make  the  following  tests  on  the  crystalline  body  and  on 
It  filtrate  which  still  contains  some  of  the  extracted  globulin- 

Teata  on  Crystallized  Edestin. —Microscopical  exsminatioo  [see  Fig.  37. 

(31  Solubility- — Try  the  solubility  in  the  ordinary  solvents  (see  page  ai). 
Keep  these  solubiliticx  in  mind  for  comparison  with  those  of  edestan,  to  be  made 
bter  (see  page  115). 

(3>  MiUon's  Reaction. 

[4)  Coagulation  Test. — Place  a  small  amount  of  the  globulin  in  a  test-tube,  add 
finte  water  and  boiL  How  add  dilute  hydrochloric  acid  and  note  that  the  pro- 
teia  no  longer  dissolves.     It  has  been  coagulated. 
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(5)  Dissolve  tile  remainder  of  the  edeflbi  in  0.3  per  cent  l^drochlotlc  add 
and  preserve  ttiis  add  solntion  for  use  in  the  experiments  on  proteans  (see  paft 

115). 

Tests  on  Edeatln  Filtrate.— (i)  Influence  of  Protdn  Rvdpitants.— Try  a 
few  protein  precipitantB  such  as  lUtilc  add,  tannic  add,  picric  add,  and  memidc 
chloride. 

(2)  Biuret  Test 
'^*  (3)  Coagulation  Test.— Boil  some  of  the  filtrate  in  a  test-tube.    What 
happens? 

(4)  Saturation  with  Sodium  Chloride. — Saturate  some  of  the  filtrate  widi 
solid  sodium  chloride.  How  does  this  result  differ  from  that  obtained  1900 
saturating  egg  albumin  solution  with  solid  sodium  chloride? 


Fig.  38. — ExcEtsiN,  The  Proteim  of  the  Brazu.  Not. 
(Drawn  from  crystals  furnished  by  Dr.  Thomu  B.  Osborne,  New  Rsven,  Conn.) 

(5)  Predpitation  by  Dilution.— Dilute  amne  of  the  filtrate  with  10--15  Tolomcs 
of  water.    Why  does  the  globulin  predpitate? 

Glutelins 

It  has  been  repeatedly  shown,  particularly  by  Osborne,  that  after 
extracting  the  seeds  of  cereals  with  water,  neutral  salt  solution,  and 
strong  alcohol,  there  still  remains  a  residue  which  contains  protein 
material  which  may  be  extracted  by  very  dilute  acid  or  alkali.  These 
proteins  which  are  insoluble  in  all  neutral  solvents,  but  readily  soluble 
in  very  dilute  acids  and  alkalis  are  called  glutelins.  The  only  member 
of  the  group  which  has  yet  received  a  name  is  the  glutenin  of  wheat, 
a  protein  which  constitutes  nearly  50  per  cent  of  the  gluten,  the  K" 
mainder  being  principally  gliadin.  It  is  not  definitely  known  whetiier 
glutelins  occur  as  constituents  of  all  seeds. 
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Gluten:  Piepaiation  and  Teste.' — To  about  50  grams  of  whrat  Boui  in  a 

rtwrola  or  «vai>oratmg  dish,  add  a  linle  water  and  mix  thoroughly  uatU  a  stiS 

4ott|^  rwolts.    Knead  this  dough  thoroughly  and  permit  it  to  stand  for  about  a 

baU  hour.    This  is  done  in  order  that  the  mprimtim  qaaniity  of  gluten  nuy  be 

obtained.    Treat  ibe  dough  with  about  300  c.c.  of  water  and  knead  it  thoroughly. 

Note  the  yellowish  color  of  the  dough  and  the  milky  appearance  of  the  water  due 

to  suspended  starch  granules.     <  Place  a  drop  of  the  suqwnsion  on  a  ^de,  cover 

with  a  cover  slip,  run  underneath  the  slip  a  drop  of  iodine  solution  and  observe 

Qie  stained  starch  granules  onder  the  microecope.)    Filter  and  apply  a  pcoteln 

color  rcwtira  (aee  paj;e  97)  to  the  filtrate-    It  ahould  be  positiTe  indicating 

that  witer-soluble  proteins  were  present  in  the  Sour.     Add  fresh  water  to  the 

dough  and  repeat  the  kneading  process.    Continue  this  procedure  with  fresh 

•dditian  of  water  until  practically  no  starch  granules  are  noted  in  suspenuon. 

To  a  small  piece  of  the  yellow,  fibrous  gluten  apply  Millcn's  Reaction  (page  97). 

lUatett  showi  gluten  to  be  protein  material.    Utilize  the  remainder  <d  the 

tfatan  in  ttie  preparation  of  giisdin  (page  mu 

Ghitenio :  Preparation  and  TcKts. — (In  the  preparation  of  gliadin  (page  1 13) 
it  is  customary  to  remove  this  prolamin  from  the  crude  gluten  by  extracting  with 
Taper  cent  alcohol.  Inasmuch  as  gluten  consists  chiefly  of  gliadin  and  glulenia 
Iht  portioD  of  the  gluten  remaining  after  the  extraction  of  the  alcohol-soluble 
pioUiu  gliadin  may  be  uliliied  for  the  preparation  of  glutenin.) 

To  the  finely  divided  residue  from  the  preparation  of  gliadin  (page  1 13)  in  a 
8aak  or  bottle  add  about  350  cc  of  70  per  cent  alcohoL  Allow  to  stand  for  about 
4S  hours  with  repeated  shaking.  This  alcohol  treatment  wiD  remove  the  gUadin 
lad  leave  crude  glutenin.  To  purify  the  gluienin  treat  it  in  a  mortar,  with  suffi- 
dent  oj  per  cent  NaOH  to  dissolve  it,  and  filter  the  ^quid  through  a  wet  pleated 
Utu.  neutralize  the  filtrate  carefully,  with  0.2  per  cent  HCl  adding  the  add 
drop  by  drop  with  thorough  mixture  after  each  addition.  (The  glutenin  is  sol- 
uble b  excess  of  acid.)  Filter  o&  the  glutenin  precipitate  and  wash  several 
times  with  70  per  cent,  alcohol  and  flnatly  with  water.  Apply  the  following  tests : 
I.  Solubility  in  water,  salt  solution,  0.3  per  cent  HCl  and  0.5  per  cent  NaiCOc 
I.  MiUon's  Reaction. 


Prolamins  (Alcohol-soluble  Proteins) 

The  term  prolamin  has  been  proposed  by  Osborne  for  the  group  of 

proteins  formerly  termed  "alcohol-soluble  proteins."    The  name  is 

"fry  appropriate  inasmuch  as  these  proteins  yield,  upon  hydrolysis, 

Opedally  large  amounts  of  proline  and  ammonia.    The  prolamins  are 

wnple  proteins  which  are  insoluble  in  water,  absolute  alcohol  and  other 

lieuttal  solvents,  but  arc  soluble  in  70  to  80  per  cent  alcohol  and  in  dilute 

*a<fa  and  alkalis.    They  occur  widely  distributed,  particularly  in  the 

^■tgetable  kingdom.    The  only  prolamins  yet  described  are  the  wm  of 

•MUe,  the  hordein  of  barley,  the  gliadin  of  wheat  and  rye,  and  the  bynin 

*f  unit.    They  yield  relatively  large  amounts  of  glutamic  acid  on  hy- 

'TM*  expctimcDt  u  irell  u  thote  on  fhiUnm  and  tliadin  whith  follow  bave  bten 
•*|pt(d  (tooi  dlrtcliont  Riven  in  Laboratory  Note*  of  Profrwor  Gies,  College  of  Phyncians 
•m  Snjton*,  New  York. 
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drolysis  but  no  tysin.  The  largest  percentage  of  glutamic  acid  (43,66 
pet  cent)  ever  obtaiacd  as  a  decomposition  product  of  a  protein  sub- 
stanc*  has  very  recently  been  obtained  by  Osborne  and  Gut-sl  from  tlic 
hydrolysis  of  the  prolamin  gliaditt.*  This  yield  of  glutamic  acid  is  alvi 
the  largeiit  amount  of  any  single  decomposition  product  yet  obtained 
from  any  protein  excepi  prolamines. 

GUadin:  Preparation  and  Tests.— Introduce  the  finely  divided  crude  gtulea 
as  prepared  on  page  1 1 1  into  a  flask  or  bottle,  add  about  150  cc  of  70  per  teni 
akobol'  and  allow  the  mixture  to  stand  34  hours  with  occasional  shaking.  Filut 
(retaJniniE  the  undissolved  portion  for  preparation  of  glutenin,  page  1 1 1 1,  cvaporale 
tiw  filtrate  to  dryness  in  s  porcelain  dish  over  a  walei-bath.  Pulverize  the  drj 
material.    Apply  the  following  tes(s  to  this  gltadin  powder: 

Solubility  and  Piolein  Tests. — Test  the  solubility  in  akobol  (jo  per  ceal, 
SO  per  cent  and  70  per  cent),  water,  o.g  per  cent  HaCl,  0.3  per  cent  HCl  and  olj 
per  cent  Na^COi-  Shake  each  test  repeatedly  and  filter.  To  the  filtrate  apply 
Coagulation  lest  (page  105'  and  Biuret  test  (page  981. 


Aibumiaoids  fScIeroproteins) 

The  albuminoids  yield  similar  hydrolytic  products  to  those  obuuned 
from  the  otht-r  simplt  proteins  already  considered,  thus  indicating  thst 
they  posses*  essentially  tlie  .'^ame  chemical  structure.  They  differ  (torn 
all  other  proteins,  whether  simple,  conjugated,  or  derived,  in  that  the>* 
are  insoluble  in  all  neutral  solvents.  The  albuminoids  include  "Oie 
principal  organic  constituents  of  the  skeletal  structure  of  animals  as 
well  as  their  e.\tcrnul  covering  and  its  appendages."  Some  of  the  prind 
pal  albuntinoids  are  keratin,  elastin,  collagen,  reticulin,  spongin,  a 
fibroin.  Gelatin  cannot  be  classed  as  ati  albuminoid  although  it  is 
transformation  product  of  collagen.  The  various  athuminoids  differ 
from  each  other  in  certain  fundamental  characteristics  which  will  be 
considered  in  detail  under  Epithelial  and  Connective  Tissue  (sec 
Chapter  XVIII). 
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CONJUGATED  PROTEINS 

Conjugated  proteins  consist  of  a  protein  molecule  united 
other  molecule  or  molecules  otherwise  than  as  a  salt.    Wc  have  ^yct- 
protcinf.  nucko proteins,  hemogtohins  (chromoprotcins),  phoiphoprokins 
and  Ifcithoproteins  as  tlie  live  classes  of  conjugated  proteins. 

Glycoproteins  may  be  considered  as  compounds  of  the  protein  mcl^ 

'Osborne  and  Ciucet:  Jour,  Biet.  Cktm.,  o,  4)3.  10:1.  Up  lo  ihit  time  Ih*  y\tli<i 
4i.j3petcvnt  obtaioecl  by  KlelfiBchmltt  from  notdcin  was  the  ttiAxittiuni  yield. 

1  Bailey  and  BUih  claim  (hnt  jo  per  cent  alcohol  in  mure  Mti*faclory  (/oh*.  Bitl- 
Ctem.,  jj,  j4S.  i9'i)- 
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CUle  with  a  substance  or  substances  containing  a  carbohydrate  group 
other  than  a  nucleic  acid.  The  glycoproteins  jncld,  upon  decomposition, 
protein  and  carbohydrate  derivatives,  notably  glucosamine,  ClI*OH.- 
{CHOH),.CH(NH.).CH<),  and  galactosamine.  OHCH,.(CHOH),.CH- 
(NHi).CHO.  The  principal  giycoproleins  are  mucoids,  mucins,  and 
ckondraptoUitts.  By  the  term  mucoid  we  may  in  general  designate 
those  glycoproteins  which  occur  in  tissues,  such  as  Undomucoid  from 
tendinous  tissue  and  osseomucoid  from  bone.  (For  the  preparation  of 
tcndomucoid  sec  Chapter  XVIII.)  The  elementary  composition  of 
these  typical  mucoids  is  as  follows: 
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N.  S.  C. 

TcndiMiMcmd' it.  75        1-33       4S.76 

OtctemucMil' — ii.i*       i.ji       4743 
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The  terra  mucins  may  be  said  in  general  to  Include  those  forms  of  glyco- 
proteins which  occur  in  the  secretions  and  tluids  of  the  body     (For  the 
preparation  of  salivary  mucin  sec  Chapter  III.)     Chondroproteins  arc 
so  named  becau.sc  chondromucoid,  the  principal  member  of  the  group, 
i* derived  from  cartilage  (chondrigcn).     Amyloid,'  wliich  appears  pa tho* 
[    logically  in  the  spleen,  liver,  and  kidneys,  is  also  a  chondroprotcin. 
H     The  phosphoprolcins  are  considered   to  be  "compounds  of  the 
^btotdn  molecule  and  some,  as  yet  undefined,  phosphorus-containing 
^■lAi^lances  other  than  a  nucleic  acid  or  lecithin."    The  percentage  of 
H^ospborus  in  phosphoproteins  is  very  similar  to  that  in  nucleoproteins, 
"  )mt  ihey  differ  from  this  latter  class  of  proteins  in  that  they  do  not 
ficlilany  purine  ba-scs  upon  hydrolytic  cleavage.     ']"wo  of  the  common 
phosphoproteins  arc  the  casrin  of  milk  and  the  ovovitellin  of  the  egg- 
)<olk.    The  phosphoru.s  in  these,  as  in  all  proteins,  exists  in  phosphoric 
sail  radicals.     For  the  preparation  of  a  typical  phosphoprotein  (casein) 
seeaapterXVII. 

Tlie  htmoglobins  (chromoproteins)  are  compounds  of  the  protein 
Bideculc  with  hematin  or  some  similar  substance.  The  principal  mcm- 
Iw  o(  the  group  is  the  hemoglobin  of  the  blood.  Upon  hydrolytic  cleav- 
Hc  Uib  hemoglobin  yields  a  protein  termed  ghbin  and  a  coloring  matter 
twnied  hemcKhromogen.  The  latter  substance  contains  iron  and  upon 
uiDung  into  contact  with  oxygen  is  oxidized  to  form  ttemattn.  Jlemo- 
'juniii,  another  member  of  the  class  of  hemoglobins,  occurs  in  the  blood 
w  certain    invertebrates,    notably    cephalopods,    gastcropods,    and 

'ChillMwIcn  and  Gk*!  Jour.  Etp.  Med..  1,  186,  1S96. 

'Iltirt  and  Utn:  Amct.  J&ur.  Phjiiei.,  5.  ^^7.  iqoi. 

'•V«t  to  be  coafiuc<l  with  the  Mibsiuncc  itmytoid  which  may  \it  formed  from  cfllulow 
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Crustacea.  Hemocyanin  generally  contains  either  capper,  manganese, 
or  line  in  place  of  the  iron  of  the  hemoglobin  molecule.  For  the  prepa- 
ration of  hemoglobin  in  crystalline  form  see  Chapter  XV. 

The  lecithoproteins  consist  of  a  protein  molecule  joined  to  lecithin. 
They  have  been  comparatively  Uttle  studied  and  may  possibly  be 
mixtures  of  protein  and  ledthin. 

For  consideration  of  nucleoproteins  see  Chapter  VI. 

DERIVED  PROTEINS 

These  substances  are  derivatives  which  are  formed  through  hydro- 
lytic  changes  of  the  original  protein  molecule.  They  may  be  divided 
into  two  groups,  the  primary  protein  derivatives  and  the  secondary 
protein  derivatives.  The  term  secondary  derivatives  is  made  use  of 
in  this  connection  since  the  formation  of  the  primary  derivatives  gener- 
ally precedes  the  formation  of  these  secondary  derivatives.  These 
derived  proteins  are  obtained  from  native  .simple  proteins  by  hy- 
drolyses  of  various  kinds,  e.g.,  through  the  action  of  adds,  alkalis, 
heat,  or  enzymes.  The  particular  class  of  derived  protein  desired 
regulates  the  method  of  treatment  to  which  the  native  proton  is 
subjected. 

Primary  Protein  Derivatives 

The  primary  protein  derivatives  are  "apparently  formed  throu^ 
hydrolytic  changes  which  involve  only  slight  alterations  of  the  protein 
molecule."  This  class  includes  proieans,  metaproteins  and  coagiiiattd 
proteins. 

I^OTEAITS 

Proteans  are  those  insoluble  protein  substances  which  are  produced 
from  proteins  originally  soluble  through  the  incipient  action  of  water, 
enzymes,  or  very  dilute  acids.  It  is  well  known  that  globulins  become 
insoluble  upon  repeated  reprecipitation  and  it  may  possibly  be  found  that 
the  greater  number  of  the  proteans  are  transformed  globulins.  Osborne, 
however,  believes  that  nearly  all  proteins  may  give  rise  to  proteaBS. 
This  investigator  who  has  so  very  thoroughly  investigated  many  of 
the  vegetable  proteins  claims  that  the  hydrogen  ion  is  the  active  agoit 
in  the  transformation.  The  protein  produced  from  the  transformatjon 
of  cdestin  is  called  cdestan,  that  produced  from  myosin  is  called  myosan, 
etc.  The  name  protean  was  first  given  to  this  class  of  proteins  by  Os- 
borne in  1900  in  connection  with  his  studies  of  edestin. 
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Experiments  on  Proteans 

Pieparation  and  Study  of  Edtstan. — Prepare  cdcatin  according  to  ihc  diiec- 
loa  giveo  on  page  109.  Bring  the  edestin  into  solution  in  0.3  per  cent  hydro- 
chloric >dduid  pcimit  tlic  acid  solution  tostaod  for  about  one-half  hour.'  Neutral- 
ise with  a  0.5  per  cent,  tolution  of  sodium  carbouute,  lUtet  off  the  prcdpitate  of 
cdcttan  mnd  mike  the  followiRg  U«te: 

I.  SohibiUty. — Try  the  solubility  in  water,  sodium  chloride,  dilute  add  and 
alkali.  Note  the  altered  solubility  of  the  ateslait  ax  comp.ired  with  that  of  edestin 
<s«c  page  109). 

^2.  HUloa's  Reaction. 
3.  Coagulation  T«st— Place  a  small  amount  of  the  protean  in  a  test-tube, 
add  a  little  water  and  ImmI.      Now  add  dilute  hydrochloric  add  and  note  that 
the  protein  no  longer  dissolvcf..     It  lus  been  coagulated. 

4.  Tests  OQ  Edestan  Solution.— Dissolve  the  temainder  of  the  edestan  pre- 
dpiiate  in  o.»  prr  cent  hydrochloric  add  and  make  the  following  tests: 
(a)  BiurU  Tat. 

(fi)  Infitieiut  of  ProUm  PreeipUants. — ^Try  a  (ew  protein  prectpitunts  such  as 
puric  add  and  mtrcurie  chloride. 

METAPROTEINS 


^SOB 
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The  mctaproteins  are  formed  from  the  native  simple  proteins 
through  an  action  similar  to  that  by  which  proteans  are  formed.  In 
the  case  of  the  metaprokins ,  however,  the  changes  in  the  original  pro- 
tein molecule  are  more  profound.  These  derived  proteins  arc  char- 
acterized by  being  soluble  in  vtty  weak  acids  and  alkalis,  but  insoluble 
in  neutral  fiuidi.  The  metaproteins  were  formerly  termed  albuminates, 
but  inasmuch  as  the  termination  ate  signifies  a  suit  it  has  always  been 
somewhat  of  a  misnomer. 

Two  of  the  principal  mctaproteins  are  the  acid  metaprotein  or  so- 
led acid  albuminate  and  the  alkali  metaprotein  or  so-called  alkali 
buminate.  They  differ  from  the  native  simple  proteins  principally  in 
being  insoluble  in  sodium  chloride  solution  and  in  not  being  coagulated 
tjxept  ivken  suspended  in  neutral  fluids.  Both  forms  of  metaprotein 
are  precipitated  upon  the  approximate  neutralization  of  their  solutions. 
They  arc  precipitated  by  saturating  their  solutions  with  ammonium  sul- 
phate, and  by  sodium  chloride  also,  provided  they  are  dissolved  in 
an  add  solution.  Add  metaprotein  contains  a  higher  percentage  of 
lUtFOgen  and  sulphur  tlian  the  alkali  metaprotein  from  the  same  source, 
since  some  of  the  nitrogen  and  sulphur  of  the  original  protein  is  liberated 
in  the  formation  of  the  latter.  Because  of  this  fact,  it  is  impossible 
to  traiuiform  an  alkali  meUiprotcin  into  an  acid  metaprotein,  while  it 
is  possible  to  reverse  the  process  and  transform  the  acid  metaprotein 
into  the  alkali  modification. 

*TI)e  edctlan  solution  preserved  Iron  experiment  (j),  p.  no,  may  be  used. 
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■  EXPERUIESTS  OS   MeTAPROTEISS  ^^ 

"  ACID  METAPROTBm  [ACID  ALBUMINATE}  ' 

Prepanttion  and  Studr' — Take  35  grams  of  hashed  lean  beef  washed  1 
from  the  major  portion  of  blood  and  inorganic  matter,  and  place  it  in  a  medk 
sized  beaker  with  100  c.c.  of  0.1  per  cent  HCL  Place  it  on  a  boiling  water-| 
for  one-half  houi.  filter,  cool,  and  divide  the  fiHrale  into  two  parts.  Keutn 
the  first  part  with  dilute  KOH  solution,  fitter  oS  the  precipitate  of  acid  metai 
tein  and  make  the  following  le«ts : 

(1)  Solubilitr-^ — Solubility  in  the  ordioarj  aolventa  (eee  page  11).  || 

(3)  Millon's  Reaction. 

(3)  Coagulation  Test.— Suspend  a  little  of  the  metaprotein  in  water  (nei 
solution)  and  heat  to  boiling  for  a  few  momentG.  Now  add  1-3  drops  of  B 
wduticn  to  the  water  and  see  if  the  metaprotein  is  still  soluble  in  dilute  al 
What  is  the  result  and  why?  <] 

(4)  Test  for  Dnoxidized  Sulphur  (see  page  loS).  ' 
Subject  the  second  part  of  the  original  solution  to  the  following  tests: 
(51  Coagulation  Test. — Heal  some  of  the  solution  to  boiling  in  a  tesl-tg 

Does  it  coagulate? 

(6)  Biuret  Test. 

(7)  Influence  of  Protein  Precipitants,— Try  a  few  protein  predpitants  sud 
pkiic  acid  and  mercuric  chloride-  How  do  the  restills  obtained  compare  * 
those  from  the  experiments  on  egg  albimiin?     (See  page  toy) 

ALKAU  METAPROTEIN  (ALKALI  ALBUMINATE) 

Preparation  and  Study.— Carefully  separate  the  white  from  the  yotk  i| 
hen's  egg  and  place  the  former  in  an  evaporating  dish.  Add  concentrated  pol 
sium  hydroxide  solution,  drop  by  drop,  stirring  continuously.  The  nuss  gni 
ally  thickens  and  finally  assumes  the  consistency  of  jelly.  This  is  solid  aO 
metaprotein  or  "Lieberktihn's  jelly-"  Do  not  add  an  excess  of  potas&ium  bydl 
ide  or  the  jelly  will  dissolve.  Cut  it  into  small  pieces,  place  a  doth  or  wire  gM 
overthe  dish,  and  by  means  of  running  water  wash  the  pieces  free  from  adhiai 
alkali.  Now  add  a  small  amount  of  water,  which  forms  a  weak  alkaline  sotui 
with  the  alkali  within  the  pieces,  and  dissolve  the  jelly  by  gentie  heat.  Cool 
solution  and  divide  it  into  two  parts.  Proceed  aa  follows  with  the  first  pi 
Neutrali:(e  with  dilute  hydrochloric  acid,  noting  the  odor  of  the  liberated  bji 
gen  sulphide  as  the  alkali  metaprotein  precipiutes.  Filter  ofl  the  predftt 
and  test  as  for  add  metaprotein  (tests  i,  3,  3  and  4),  above,  noting  particull 
the  sulphur  test-  How  does  this  test  compare  with  that  given  by  the  acid  mi 
protein?  Make  tests  on  the  second  part  of  the  solution  the  same  as  for  It 
metaprotein  (tests  5, 6  and  7)  above- 

Coagtilated  Proteins 

lliese  durived  protfins  are  produced  from  unaltered  protein  m 
rials  by  heat,  by  long  standing  under  alcohol,  or  by  the  contiu 
movement  o{  their  solutions  sucli  as  that  produced  by  rapid  stirri; 
shaking.     In  particular  instances,  such  as  the  formation  of  fihrin  fl 
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Gbrinogea  (see  page  256).  the  coagulation  may  be  produced  by  enzyme 
aclion.  Ordinary  soluble  proteins  after  having  been  transformed  into 
the  coagulated  modification  are  no  longer  soluble  in  the  ordinary  sol- 
TfQts.  Upon  beinif  heated  in  the  presence  of  strong  acids  or  alkalis, 
coagulated  proteins  are  converted  into  metaproteins. 

Many  proteins  coagulate  at  an  approximately  fixed  temperature 
te  conditions  (see  pages  105  and  339) .  This  charaot eristic 
iplie<l  to  separate  different  coagulablc  proteins  from  the  same 
solution  by  fractional  coagulation.  The  coagulation  lem(H'raturc  fre- 
quently may  serve  in  a  measure  to  identify  proteins  in  a  manner  similar 
to  the  melting-point  or  boiling-point  of  many  other  organic  substances. 
The  separation  of  proteins  by  fractional  coagulation  is  thus  analogous 
lo  the  separation  of  volatile  substances  by  moans  oljractional  distillaUtm. 

I  This  method  of  separating  proteins  is  not  a  satisfactory  one,  however, 
inasmuch  as  proteins  in  solution  have  different  effects  upon  one  another 
and  alw  because  of  the  fact  that  the  nature  of  the  solvent  causes  a 
variation  in  the  temperature  at  which  a  given  protein  coagulates.  The 
nature  of  the  process  involved  in  the  coagulation  of  proteins  by  heat 
is  not  well  understood,  but  it  is  probable  that  in  addition  to  the  altered 
anBOgement  of  the  component  atoms  in  the  molecule,  there  is  a  mild 
hrdrolysts  which  is  accompanied  by  the  liberation  of  minute  amounts 
of  hj'drogen,  nitrogen,  and  sidphur.  The  presence  of  a  neutral  salt 
a  trace  of  a  mineral  add  may  facilitate  the  coagulation  of  a  protein 
iluiion  (sec  page  105),  whereas  any  appreciable  amount  of  acid  or 
lli  will  retard  or  entirely  i)rcvent  such  coagulation. 
It  has  been  shown  that  llie  coagulation  of  proteins  by  heat  pro- 
Ig  in  two  stages:'  first,  a  reaction  between  the  protein  and  the  hot 
Hater  (dcnaturation),  and  second,  an  agglutination  or  separation  of  the 
altered  protein  in  particulate  form.  The  concentration  of  acid,  or 
hydrogen  ion,  in  the  solution  influences  the  coagxilation  of  proteins,  such 
that  the  original  protein  is  acted  upon  less  readily  by  hot  water  alone 
ftian  in  the  presence  of  acid.  The  formation  of  the  coagulum  is  ac- 
companied by  the  disappearance  of  the  free  acid  from  the  solution, 
indicating  the  formation  of  a  protein  salt.  A  disturbance  of  the  cqui- 
libriimi  between  the  hydroiyzed  andunhydrolyzed  portions  of  the  pro- 
iiaa  salt,  due  to  the  greater  rapidity  witli  which  the  unhydrolyzed 
portion  is  precipitated,  results  in  the  gradual  removal  of  both  pro- 
t«a  and  acid  from  the  solution.  This  has  been  offered  as  an  explana- 
L  tionof  tlie  decreasing  acidity. 

H  According  to  Chick  and  Martin,  the  addition  of  neutral  salts  to  the 
^Rdd  solution  of  tlie  salt-free  protein  to  be  coagubited  results  in  a  decreased 
H    'Chkksnd  Mwitn:  Jaurnal  of  PhysieUty,  A,i,  t,  1911. 
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raU  of  coagulation.  This  is  due  in  part  to  the  decrease  in  the  conoes- 
tration  of  the  free  acid,  which  results  from  the  disturbance  of  the  equilib- 
rium between  the  protein  and  acid  and  also  in  part  to  the  direct  influena 
which  the  &alts  exert  upon  the  protein.  The  presence  of  neutralsaltt 
may  under  certain  circumstances  facilitate  the  coagulation  of  proteto! 
by  heat. 

The  temperature  at  whtdi  egg-white  is  coagulated  causes  a  differena 
in  the  appearance  of  the  coagulum.'  Coagulated  egg-wliite  whidi  ha 
been  immersed  in  water  at  a  low  temperature  and  then  gradually  hcateJ 
to  the  coagulating  temperature  is  more  translucent  and  has  a  bltiiifa 
color,  whereas  egg-white  which  has  been  immersed  in  water  heated  to  a 
temperature  abose  the  coagulating  temperature  is  creamy  white  k 
color.    They  also  possess  different  digestibilities. 

Experiments  on  Coagdlated  Pkotedj 

Ordinary  cosgulated  egg-white  may  be  used  in  the  following  tests: 
I.  Solubility.— Trj  the  solubility  of  unall  pieces  of  the  coagulated  proteini 
each  of  the  ordinary  solvents  (see  page  31). 
3.  Mitlon's  Reaction. 

3.  Xanthoproteic  Reaction.— Partly  dissolve  a  medtom-siied  piece  of  tta 
protein  in  CDncenUaled  nitric  add.  Cool  the  solution  and  add  an  excess  < 
ammonium  hydroxide.  Both  the  protein  solution  and  the  undissolved  protet 
will  be  colored  orange. 

4.  Biuret  Test. — Partly  dissolve  a  medium-sized  piece  of  the  protein  in  con 
centrated  poiasatum  hydroxide  sotudon.  U  the  proper  dilution  of  copper  sol 
phate  solution  is  now  added  the  while  coagulated  protein,  ac  well  as  the  prot«i 
solution,  will  assume  the  characteristic  purplish -violet  color. 

5.  Glyoiylic  Acid  Reaction  (Hopkins •Cole). — Conduct  this  test  accord 
the  modification  given  on  page  107. 


Secondary  Protein  Derivatives 
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These  derivativ-es  result  from  a  more  profound  cleavage  of  the  protei 
molecule  than  that  which  occurs  in  the  formation  of  the  primary  deriva 
tives.    The  class  includes  proteoses,  peptones,  and  peptides. 


PROTEOSES  AND  PEPTONES 
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Proteoses  are  intermediate  products  in  the  digestion  of  proteins  h, 
proteolytic  enzymes,  as  well  as  in  the  decomposition  of  proteins  by  hy 
drolysis  and  the  putrefaction  of  proteins  through  the  action  of  bacteria 
Proteoses  arc  called  albumoses  by  some  writers,  but  it  seems  more  logics 
to  reserve  the  term  albumose  for  the  proteose  of  albumin. 

Peptones  are  formed  after  the  proteoses  and  it  has  been  customar 

>  Frank:  Journal  ej  Biohtkat  Chtmi^ry,  9,  46^.  igii- 
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coaaikT  them  as  the  last  product  or  the  processes  before  mentioned 
nydi  still  possess  true  protein  characteristics.  In  other  words,  ithas 
beta  considered  that  the  protein  nature  of  the  end-products  of  the 
deavaKC  of  the  protein  molecule  ceased  with  the  peptones,  and  that  the 
simpler  bodies  formed  from  peptones  were  substances  of  a  difTerent 
naiurc  (sec  page  65).  However,  as  the  end-products  have  been  more 
oiciully  studied,  it  has  been  found  to  be  no  easy  matter  to  de^gnate 
the  exact  character  of  a  peptone  or  to  indicate  tlie  exact  point  at 
which  the  peptont  characteristic  ends  and  the  peptide  characteristic 
begins.  The  situation  regarding  the  proteoses,  peptones  and  peptides 
i<  a  present  a  most  unsatisfactorj-  one  because  of  the  unsettled  state 
of  our  knowledge  regarding  them.  The  exact  differences  between 
certain  members  of  the  peptone  and  peptide  groups  remain  to  be  more 
locnratcly  established.  It  has  been  quite  well  established  that  the 
peptones  are  peptides  or  mixtures  of  peptides,  but  the  term  peptide  is 
used  at  present  to  designate  only  tliosc  possessing  a  definite  structure. 
Hiere  are  several  proteoses  (protoproteose,  heteroproteose  and 
dfutcroprotcosc),  and  at  least  two  peptones  (arophopcptonc  and  anti- 
peptone'),  which  result  from  proteolysis.  'ITie  differentiation  of  the 
urious  proteoses  and  peptones  at  present  in  use  is  rather  unsatisfactorj*. 
lliese  compounds  arc  classified  according  to  their  varying  solubilities, 
(^edally  in  ammonium  suljihate  solutions  of  different  strengths.  'ITie 
tnct  differences  in  composition  between  the  various  members  of  the 
gtDop  remain  to  be  more  accurately  established.  Because  of  the 
diScalty  attending  the  separation  of  these  bodies,  pure  proteose  and 
peptone  are  not  easy  to  procure.  The  so-called  peptones  sold  coni- 
nierciaUy  contain  a  large  amount  of  proteose.  As  a  class  the  proteoses 
jnii  peptones  arc  very  soluble,  diffusible  bodies  which  are  non-coagu- 
lihle  by  heat.  Peptones  differ  from  proteoses  in  being  more  diffusible, 
tm-prtCfpiiabU  by  (NH*)tSOt,  and  by  their  failure  to  give  any  reaction 
siBl  fftassium  ferrocyanide  and  acetic  add,  potassio-niercuric  iodide 
«ifHCI,  picric  acid,  and  trichloracetic  acid.  Peptones  may  be  pre* 
ciptated  by  phosphotungstic  acid,  phosphomolybdtc  add,  absolute 
ilo^  and  tannic  add,  but  an  excess  of  the  precipitant  may  dissolve 
fi«  predpitatc.  The  so-called  primary  proteoses  are  predpitated  by 
HXO(  and  are  the  only  members  of  the  proteose-peptone  group  which 
»«  »>  precipitated. 

Some  of  the  more  general  chsracleristics  of  the  proteose-peptone  group  may 
b«  anted  bf  makinc  the  foUowtog  simple  tests  on  a  proteose 'peptone  powder: 
(i)  Solubility. — Solubility  in  hot  and  cold  water  and  sodium  chloride  Bolution. 
\3)  Hilton's    Beaciion. 
DiBoJve  a  Uttlc  of  the  powdn  in  water  and  test  the  solution  as  follows : 
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(i)  Prccipitstion  bj  Picric  Acid.--To  5  cc.  of  proteose -peptone  soludoi 
test-tube  cdd  picric  acid  until  a  p«rmaD«nt  precipitate  forms.  The  precif 
<UMp|lcKrs  on  heating  and  rcturnK  on  cooling. 

(1)  Precipitation  by  a  Mineral  Acid.—  Try  the  precipitation  by  nitric  add 
(3)  CouguUtion  Test. — Heat  a  little  proteose -peptone  solution  to 
Does  it  coagulate  like  the  other  simple  proteins  studied? 

SEPARATION  OF  PROTEOSES  AND  PEPTONES' 

Place  so  c.c.  of  proteose -pep  tone  solution  In  «a  eTaporating  dish  or 
and  balf-aaiurate  it  with  ammonium  sulphate  solutEoa,  which  may  be 
plished  by  additig  an  equal  volume  of  saturated  ammonium  sulphate 
At  this  p<Hnt  note  the  appearance  of  a  precipitate  of  the  primary 
(protoproleose  and  hetero -proteose I.    Now  heat  the  balf-sataiated  soltiti 
its  suspended  precipitate  to  boiling  and  saturate  the  solution  with  soHd' 
monium  sulphate-    At  full  saturation  the  secondary  proteoses  (deuteroproi 
arc  precipitated.    The  peptones  remain  in  solution. 

Proceed  as  follows  with  the  precipitate  of  proteoses:    Collect  ttie 
precipitate  on  a  rubber-tipped  stirring  rod  or  remove  it  by  means  of  a 
glass  to  a  Hmall  evaporating  dish  and  dissolve  it  in  a  little  water.     To  r 
airnnonium  sulphate,  which  adhered  (o  the  precipitate  and  is  now  in  sol 
add  barium  carbonate,  boil,  and  filter  off  the  precipitate  of  barium  sal| 
Concentrate  the  proteose  solution  to  a  small  volume'  and  malie  the  f< 
ing  tests : 

(i)  Biuret   Test. 

(3)  Precipitation  by  Nitric  Add.— What  would  •  prec^tate  at  this 
Indicate? 

(3)  PrecipitationbyTrichlnraceticAdd.    TUs  precipitate  dissolves  on  b 
and  returns  on  cooling. 

(4)  Precipitation  by  Picric  Acid.— This  precipitate  also  disappears  on  1 
ing  and  returns  on  cooling. 

(5)  Precipitation  by  Potassio -mercuric  Iodide  and  Hydrochloric  Add 

(6)  Coagulation  Test.-  Boil  a  little  in  a  test-tube.    Does  it  coagulate? 

(7)  Acetic  Acid  and  Potassiunt  Ferrocyanide  Test.  ] 
The  solution  containing  the  peptones  should  be  cooled  and  filtered,  aot 

ammonium  sulphate  in  solution  removed  by  boiling  with  barium  carbonal 
described  above.  After  filtering  off  the  barium  sulphate  predpitate,  coocea 
the  peptone  filtrate  to  a  small  volimie  and  repeat  the  tests  as  gtren  and* 
proteose  solution,  above.  Also  try  the  precipitation  by  phosphatuBCStic 
and  by  tannic  acid.  In  the  biuret  test  the  solution  should  be  made  very 
alkaline  with  solid  potassium  hydroxide. 


PBPTIDBS 

Tile  peptides  arc  "defitiitcly  characterized  combinations  of  twB 
more  amino  acids,  the  carboxyl  (COOH)  group  of  one  belag  uni 

t  The  tcpirallon  of  protcows  aad  pq)tonn  by  means  of  f raclioDal  predpitattaal 
ammonium  &ulp)iatc  (lo«  oot  pouen  the  signifii'Bni:i'  it  u-n^once  siifuiojted  toprawMl 
much  SI  theboundni/  between  thcaesttbttanoesand  ^rpiujfi  is  not  well  defined  (HC| 

■  n  the  proteotcfi  >irc  duirrd  in  ponder  form,  ihi.^  concent  rstcd  protecw  wlatM 
now  be  firfcipilated  by  alcuhol,  lad  t)ii<i  precipitate,  alter  beinic  wsihed  fritb  ill 
alcubdl  and  with  clbct,  may  be  dried  and  powdered. 
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with  the  amino  (NHi)  group  of  the  other  with  the  elimination  of  a  mole- 
cule of  water."  These  peptides  are  more  fully  discussed  on  pages  70 
and  119. 

REVIEW  OF  PROTEINS 

In  order  to  facilitate  the  student's  review  of  the  proteins,  the  prepara- 
tion of  a  chart  similar  to  the  model  given  is  recommended.  The  signs  + 
md  —  may  be  conveniently  used  to  indicate  positive  and  negative 
reactions. 

MODEL  CHART  FOR  REVIBV  PURPOSES 


"Unknown"  Mdctubes  and  Solutions  of  Proteins 

At  this  point  the  student's  knowledge  of  the  characteristics  of  the 
various  proteins  studied  will  be  tested  by  requiring  him  to  examine  several 
"anknown  "  protein  mixtures  or  solutions  and  make  full  report  upon  the 
sune.    The  scheme  given  on  page  122  may  be  used  in  this  examination. 
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:      Th«  Nudeoproteins. — The  nudcoprolcjos  occur  widely  distributed 

Ibihe  inimal  and  plant  kingdom.^,  being  found  in  nearly  all  cells  and 

Bnicularly  in  the  nuclei  of  cells.    They  arc  found  in  especially  large 

HuniDts  in  glandular  tissues  such  as  tliose  of  the  thymus,  pancreas  and 

iplcen.    The  nuclcoprotcins  arc  combinations  of  protein  with  a  phos- 

phonis-containing  substance  known  as  nucleic  add.     As  difTerenC  nu> 

deic  adds  exist  and  arc  found  in  combination  with  different  proteins, 

I  i  variety  of  micleoproteins  exist.    The  protein  combined  with  the 

I   Dudcic  add  is  in  certain  cases  a  histone,  the  conjugated  protdn  in 

I  ihucase  being  called  a  nucleohistone. 

The  nucleoprotdns  gi^'C  the  ordinary  protein  color  reactions. 
,  rtiey  arc  addic  in  character  and  insoluble  in  water.  They  arc  readily 
nluble  in  weak  alkali  but  aft  predpitated  from  such  solution  on  the 
iddilioD  of  acetic  add  in  excess  of  wliidi  they  dissolve  with  more  or 
less  difficulty  although  readily  soluble  in  very  dilute  hydrochloric  add. 
We  distinguish  them  from  mudns,  which  are  likewise  predpitated  by 
»cetic  add  through  the  fact  that  the  latter  give  no  tests  for  phosphorus 
^p  decomposition. 

^klhe  nudeoproteins  are  very  complex  and  unstable  substances 
md  one  has  probably  never  been  prepared  in  a  pure  form.  Under  the 
ij-tioa  of  the  gastric  juice  or  of  weak  add  nudeoproteins  lose  a  portion 
of  thdr  protein  content  and  are  transformed  into  a  rather  ill-dcfincd 
class  of  substances  known  as  nuclcins  wluch  still  possess  some  protein 
in  combination  with  the  nucleic  acic!  molecule.  In  most  cases  the 
ditoinposition  does  not  proceed  further  in  gastric  digestion.  Through 
Ilie  action  of  the  pancreatic  juice,  however,  the  remainder  of  the 
potdn  is  split  off  and  the  nucleic  add  set  free.  The  decomposition 
I  Q[  atideoprotein  may  be  diagramatically  expressed  thus,  although 
Ite  course  of  decomposition  is  probably  not  quite  so  simple  as  indicated. 

^«r  icvlew  o(  ihe  literatute  on  nucleic  acldi  aud  DUi:lt;siic&  see  Monciitrajili  vq  ''Nuddc 
"  by  Walter  Jones,  Netc  York,  1914.  Lungm^nt  Green  k  Co. 

i»3 
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HUCLEOPROTEIN 
(gastric  digestion) 

I 1 

Rvtelit  naaefai 

(pancreatic  digestion) 


Protein  Nodeic  Add 

The  Nucleic  Acids. — The  nucleic  adds  of  the  animal  body  occur 
mainly  in  combination  with  protein  material  in  the  so-called  nudeo- 
proteins  of  which  they  form  the  characteristic  radicals  (see  page  133) 
TTie  amount  and  character  of  the  protein  with  which  the  nucleic  aci( 
molecule  is  combined  varies  and  the  acid  may  in  certain  cases  be  fount 
in  cells  in  a  free  form.  Naturally  those  tissues  are  richest  in  nudu< 
acid  which  contain  the  largest  amount  of  nuclear  material  and  o 
nucleoprotein.  Such  are  the  glandular  tissues  of  the  body  as  th 
thymus,  spleen,  pancreas,  liver,  etc.  The  heads  of  the  spermatoa>; 
consist  almost  entirely  of  nucleic  acid  in  combination  with  protamine 

The  nucleic  acids  are'  a  distinct  class  of  substances,  characterize* 
by  their  decomposition  products.  They  are  strongly  acid  in  reactioi 
and  contain  considerable  phosphorus.  They  may  be  divided  into  tw( 
main  groups,  the  animal  and  the  plant  nucleic  acids.  The  twi 
classes  differ  in  certain  respects  but  all  of  the  true  animal  nucleic  add 
appear  to  be  practically  identical  in  composition.  Animal  nuclei 
acid  is  most  readily  prepared  from  the  thymus  while  plant  nuclei 
acid  is  most  readily  obtained  from  yeast. 

The  nucleic  adds  are  difficultly  soluble  in  cold  water,  more  readil 
in  hot  water,  insoluble  in  alcohol,  but  readily  soluble  in  weak  alka 
with  the  formation  of  the  alkali  salt.  If  pure  they  do  not  give  th 
protein  color  reactions.  They  are  optically  active.  They  are  pn 
cipitated  from  their  alkaline  solutions  by  HCI,  but  only  the  plant  m 
cleic  acid  is  precipitated  by  acetic  acid.  In  weak  add  solution  theyai 
precipitated  by  protein  the  combination  being  considered  a  *'  nudein. 
They  form  insoluble  salts  with  alkaline  earth  and  heavy  metal 
The  sodium  salt  of  animal  nucleic  add  In  4  per  cent  solution  is  liqui 
while  warm  but  solidifies  to  a  gelatinous  mass  on  cooling.  Flai 
nucleic  acid  does  not  do  this. 

The  nucleic  acids  on  hydrolysis  yield  phosphoric  add,  purine  as 
pyrimidine  bases,  and  a  carbohydrate  or  carbohydrate  derivative.  Ill 
composition  varies  slightly  with  the  type  of  nudeic  add.  Plant  wido 
adds  contain  a  pentose  group  while  animal  nucleic  adds  contain  '< 
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I  heiose  group.  Both  types  contain  the  purine  bases,  guanine  and 
I  adenine  and  the  pyrimidine  base  cytosine.  Plant  nucleic  add  contains 
I  also  the  pyrimidine  base  uracil,  which  in  the  animal  nucleic  acid  is  sub- 
stituted by  the  base  th3'mine.  The  nucleic  acids  are  not,  however, 
^ple  substances  whose  molecules  contain  a  single  phosphoric  acid  or 
carbohydrate  group.  They  are  apparently  combinations  of  several 
ladicals  known  as  nucleotides  each  of  which  contains  one  car- 
bohydrate group  combined  with  a  single  base  and  a  single  phosphoric 
idi  molecule.  Thus  the  following  structural  formula  has  been  given 
to  yeast  nucleic  add  by  Levene  and  Jacobs*  indicating  that  it  contains 
fwi  nucleotide  radicals  and  may  hence  be  called  a  tetranucleotide. 

HO 

\ 
0=POC6H,OaC6H4N(0 

y  Guanine  sroup 

o 

\ 

0=POC6H»03CbH,Ns 

/  AdrninE  group 

O 

\ 

0=PO-CjH.O»-C4H3N,Oi 

Uncil  group 


/ 


\ 

O  =  P0C6H,OjC4H4N,O 

/  Cylosine  group 

HO 

YeA«t  nucleic  acid  (tctranucleolide) 

Ihe  deavage  of  the  nucleic  acid  molecule  into  its  corresponding 
luideotides  is  brought  about  during  digestion  by  enzymes  present  in 
the  intestinal  juice  and  intestinal  mucosa.  Enzymes  of  similar  origin 
set  further  on  the  nudeotides  thus  formed  and  split  oS  the  phosphoric 
»dd  radicals  together  with  carbohydrate-base  compounds  which  are 
caDed  nucleosides.  The  decomposition  prior  to  absorption  does 
Dot  probably  proceed  further  than  to  the  formation  of  nucleotides 
lad  nucleosides.  Many  tissues  however  contain  enzymes  capable  of 
completing  the  decomposition  with  liberation  of  the  carbohydrate 
ml  basic  radicals.  The  purine  bases  may  also  be  deaminized  while 
stiH  in  combination  as  nucleosides  and  further  hydrolysis  would  then 
^  to  the  direct  liberation  of  the  oxypurines  instead  of  their  precursors, 
ihe  amino-purines, 

'Ltveae  and  Jacobs:  Btr.  d.  dculsclt.  Chem.  (7ij.,  43.  3151,  1910;  44,  1017,  19H 
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Jones'  has  suggested  a  method  by  which  the  course  of  the  decom- 
position of  the  nucleic  add  molecule  can  be  followed.  By  this  mcni 
it  is  readily  shown  that  phosphoric  add  is  liberated  at  very  diSenot 
rates  from  the  difFerent  nudeotides. 

The  following  outline  wiU  indicate  the  course  of  decomposition  U  i 
nudeic  add  and  the  enzymes  involved  in  the  process. 

DBCOUPOSmON  OF  NUCLEIC  ACID 

inrctEic  ACID 

(nudeicaddase  of  inteatinal  mucou  and  juice) 


Purine  Nudeotidea  Pyrfanidiao  Htulaotides 

(nudeotidase  of  intestinal  (tisnie  nudeaaes) 

mucosa  and  juice) 


[  I  Sng«r 

Phosphoric  Add  Purine  NudeosldeB  ^^^^  ^^ 

I  Cjtoaine  «nd  Tbrni 

(nudeosidase  of  tissues)  or  Uncil 


Sugar  Purine  Baaea 

(pentose  or  hexose)  Adenine 

Guanine 

With  regard  to  the  fate  of  the  various  radicals  of  the  nucleic  ad 
in  the  body  after  absorption  httle  is  definitely  known.  The  phospbo: 
acid  may  of  course  be  built  up  into  phosphorus-containing  cell  co 
stituents  such  as  nucleoproteins,  phosphoproteins  or  phosphatides, 
be  eliminated  as  phosphate  in  the  urine.  The  carbohydrate  porti 
may  undergo  the  usual  transformations  of  intermediary  carbohydn 
metabolism.  The  nucleosides  appear  to  be  ordinarily  absorbed  is 
changed  from  the  intestine  and  may  be  to  a  certain  extent  directly: 
synthesized  in  the  animal  body  to  nucleoprotein.  The  excess  over  bo 
requirement  must,  however,  be  decomposed,  although  a  certain  porti 
may  possibly  be  stored  up  in  the  individual  cells  or  in  certain  orgai 
Enzymes  capable  of  decomposing  nucleic  acids  are  found  in  most  of  t 
cells  of  the  body. 

The  Purine  Bases.^As  has  been  indicated  the  basic  substaiK 
present  in  nucleic  acid  belong  to  two  classes  the  purine  and  pyrin 
dine  bases.  The  purine  bases  set  free  on  the  decomposition  of  nucb 
acid  are  adenine  and  guanine  bdonging  to  the  class  of  amino  purin 

'  Jones:  Presidential  address  before  the  Society  of  Biological  Chemists,  BostoD,  D 
37,  iQiS- 
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taXc  of  the  amino  purines  in  the  animal  hody  is  of  considerable 
est.  It  has  been  shown  that  certain  tissues  contain  enzymes 
1  transform  these  amino  purines  first  to  corresponding  oxypurines 
■n  as  kypoxanikine  and  xanthine  and  finally  to  uric  acid.  It  is 
ible  that  different  enzymes  enter  into  the  various  steps  of  these 
iormations  leading  to  the  formation  of  uric  add.  Still  another 
me  carries  the  oxidation  further  with  the  formation  of  the  com- 
.d  aUantoin.  This  enzyme  is  known  as  uricase.  The  purine 
mes  are  widely  distributed  in  tissues.  The  transformations 
gbt  about  are  indicated  in  the  following  diagrams. 


N=CNH, 


HN— CO 


HC    C— NH      +H,0— NH,- 

CH 

I        ,        / 

N— C— N 

Adtnint 

6-*miao  psriac 


HC     C— NH 
■        \ 


N— C— N 

Hypoxan:knu 


/ 


CH 


+0 


HypoxaHtkini 
0xi4iiS€ 


HN— CO 


HN— CO 


HiNC     C— NH 
\ 


DC     C— NH 

\ 
CH  +H,0  — NH,-»  CH 

N— C— N  HN— C— N 


2-  bomio-fi-oiypuriae 


Xanthint 
3-6-dioiypurine 


+0 


Xanlhin4 
uxtdaa 


NHi 


CO     CO— NH  0 

j  \  Uruate 

CO 

/ 

NH— CH— NH 


HN— CO 
OC     C— NH 


CO 


HN— C— NH 

Uric  aid 
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All  of  the  physiologically  important  purine  bodies  are  precipitated 
by  ammoniacal  silver  nitrate  solution  in  the  cold  and  by  copper  sul- 
phate and  sodium  bisulphite  in  boiling  solutions.  Some  of  them  an 
readily  identified  by  their  crystalline  forms  or  the  crystalline  fomud 
certain  of  their  salts.  Uric  add  differs  from  the  other  purines  in  bdog 
insoluble  in  dilute  sulphuric  acid.  The  purine  bodies  may  be  disdit- 
guished  to  a  certain  extent  also  by  the  reactions  whidi  they  give  tiba 
their  solutions  are  evaporated  with  nitric  add  and  the  residue  treated 
with  ammonia.  Uric  acid  gives  the  characteristic  formatioib  of  the 
purple  murexide  (ammonium  purpurate) .  Potassium  hydroxide  changts 
this  to  a  bluish-violet  color  which  disappears  on  heating.  Xanthine 
and  guanine  form  yellow  compounds  with  nitric  add  whidi  turn 
purple  or  violet  on  treating  With  potassium  hydroxide.  The  color  ia 
this  case  is  not  lost  by  heating.  Adenine  and  hypoxanthine  do  not 
give  a  color  reaction  with  nitric  acid. 

The  Pyrimidine  Bases. — The  pyrimidine  bases  entering  into  the 
composition  of  nucleic  acid  are  Ikymine,  cytosine  and  uracil.  Cyto^ne 
is  found  in  both  types  of  nucleic  acid,  while  thymine  is  found  only 
in  animal  nucleic  acid  and  uradl  ordy  in  plant  nucleic  add.  They 
possess  the  following  formulas. 

NH— C^O  NH— C=0  N     -C— NH» 

O     C        CH  0=C        C— CH,        0=C        CH 

I      l!  i      l[  I      II 

NH^CH  NH— CH  NH— CH 

Urafil  Thymint  Cybaiiu 

2'6-diciiypyHrnidine  5-methyl'  6-nminc>- 

3-6-dioxypyTiiiiidm«  3'dioxypyTiinidiiie 

With  regard  to  the  fate  of  pyrimidine  bases  in  metabolism  very 
little  is  known.  When  the  bases  as  such  are  fed  they  reappear  un- 
changed in  the  urine,'  If  nucleic  acid  is  fed  this  does  not  occur  whidi 
indicates  that  the  pyrimidine  bases  may  undergo  certain  alterations 
in  the  animal  body  while  still  existing  in  combination. 

Experiments 

I .  Preparation  of  Hucleoprotein  from  Yeast. ' — Place  two  bouH  cakes  of  ordi- 
nary compressed  yeast  in  a  mortar.  Sprinkle  a  small  hom-spoonful  of  sand  orer 
the  yeast,  add  5  c.c.  of  ether  and  10  c.c.  of  water  and  thoroughly  triturate  flu 
mixture,  grinding  vigorously.  The  ether  kills  the  yeast,  in  iriiich  conditioa  flie 
comminution  of  the  cells  with  sand  is  more  thoroughly  affected.  OccatfonaBr 
during  the  trituration  process  add  i  or  2  c.c.  of  water  until  the  mixture  ii 
comparatively  fluid.    The  whole  process  of  maceration  can  be  conqdetsd  in  Are 

'  -Mi-nile)  and  Myers;  .1  m,  J.  Phy.^iol.,  nd,  ;r.  1910. 

■  All  eiptrimi'nls  un  nuclciipriilcm  of  yoast  have  been  laken  from  laboratory  Notes  vl 
Professor  W.  J,  (iies,  of  t'i)llcgc  «f  Physiri.ins  and  Surgeons,  Xew  York. 
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minutes.  Pour  the  thick  liquid  ialo  a  bottle  aiding  the  Uansfer  with  enough 
04  pet  cent  NaOH  to  nuke  11  final  volume  of  about  1 25  c-c.  The  alltali  extracts 
ttatDudeoproteinaioog  with  the  water-soluble  proteins  of  the  yeast.  Add  a  little 
inluoland  aUow  to  stand  with  frequent  shaking  for  12  34  hours.  Filler  through 
1  wet,  fluted  filter.  While  thoroughly  stirring  add  i  drop  at  a  time  of  10  per  cent 
HCl  cautiously  continuing  the  addition  as  long  as  the  roiUdness  of  the  mixture  can 
bt  increased.  Continue  until  the  protein  completely  separates  and  the  liquid  is 
pncticuUy  clear.  Note  that  the  solution  is  now  add  in  reaction.  Excess  of  acid 
tauses  resolutioD.  Filler  on  a  wet,  fluted  filter.  Retain  the  precipitate  on  the 
iltti  far  nucleoprotein  tests. 

1.  Tests  on  Nucleoprotein.  -Try  the  following  tests  on  the  nucleoprotein 
prt^ed  as  above. 

(«)  Try  the  xanthoproteic  and  Millon's  tests. 

(b)  Test  the  solubiUty  in  water,  10  per  cent  HaCl,  10  pei  cent  HCI,  dilute 
EOH,  and  alc<}hi<^. 

(c)  Test  for  organicatly  combined  phosphorus  by  one  of  the  following 
metbods. 

Tests  for  Phosphorus  in  Organic  Matter.— t.  Fusion  Test. — To  a  sniall 
uuiunt  of  the  substance  in  a  crucible  add  about  five  times  Its  bulk  of  fusion  mix- 
tan  (i  parts  of  Roditun  carbonate  to  i  of  potassium  nitrate).  Heat  carefully  until 
lilt  resulting  mixture  is  colorless.  Cool,  dissolve  the  mass  in  a  little  warm  water, 
iddily  with  nitric  acid,  heat  nearly  to  boiling  and  add  a  few  cubic  centimeters  of 
malybdate  solution.  In  the  presence  of  phosphorus  a  yellow  precipitate  of  phos- 
[bomolybdate  is  formed. 

Instead  of  acidifying  with  nitric  acid,  the  aqueous  solution  may  be  approji- 
micly  neutraliied  with  hydrochloric  acid,  a  few  cubic  centimeters  of  magnesia 
mixture  added  and  then  excess  of  ammonium  hydroxide  solution.  A  white  pre- 
cipitate of  magnesitmi  ammonium  phosphate  is  formed. 

3.  Moist  Ashing  Procedure. — Treat  a  small  amount  of  the  substance  in  a 
luge  lest-tube  with  about  i  c-c.  of  concentrated  sulphuric  acid.  Then  add  drop  by 
drop  an  equal  volume  of  concentrated  nitric  acid,  and  warm  gently  until  a  clear 
solution  is  obtained.  A  few  more  drops  of  nitric  acid  may  be  added  if  necessary. 
Ttiis  treatment  with  sulphuric  and  nitric  acids  must  be  carried  out  with  the 
greatest  caution  particuUtly  when  fatty  substances  are  present ;  otherwise  an 
ExpiosiTe  reaction  may  take  place.  Dilute  the  acid  solution  with  a  little  water, 
make  slightly  alkaline  with  ammonia  and  then  add  with  nitric  acid.  Add 
nolybdale  solution  and  warm.     A  yellow  precipitate  is  formed. 

(d)  Dissolve  a  little  of  the  precipitate  in  very  dilute  KOH  and  then  m,Bk« 
ttightly  acid  with  acetic  acld- 

(e)  Mix  a  small  portion  of  the  nucleoprotein  with  to  c.c.  of  alcohol.  Filter 
ind  wash  free  from  HCI  with  more  alcohol.  (Freedom  from  HCI  is  indicated  by 
ibsence  of  AgNO>-chlo[ide  reaction  in  the  filtrate.)  Wash  free  from  alcohol 
vitb  « little  water.  Transfer  small  particles  of  the  precipitate  to  moistened  red 
ind  bhie  litmus  paper  on  a  microscopic  slide.  What  is  the  reaction  of  nucleo- 
protein thus  freed  from  adherent  acid? 

3.  To  Show  the  Presence  of  Purine  Base  Radicals  in  Nucleoprotein. — The 
uicleic  acid  portion  of  the  protein  molecule  contains  phosphoric  acid,  carbohy- 
Inte,  and  purin  base  radicals  (see  page  126 1.  Hence  on  the  complete  acid  hydro- 
y^  of  nucleoprotein  material  these  substances  will  be  liberated  as  well  as  (he 
jecomposition  products  of  the  protein  part  of  the  molecule.    To  show  their  pres- 
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fnce  proceed  as  follows:  Transfer  the  preclpiUIe  of  nudeoprotein  reauiniog 
firom  the  previous  eqieriment  to  a  small  fludc  ud  add  15-50  c-c.  of  5  per  ceel 
H^Oc  Boil  for  an  hour  or  more  to  d«c«inpose.  Maintain  the  original  volnnu 
by  adding  water.  Tlie  solution  becomes  brown  due  to  fonnatioa  of  melanin- 
like  substances.  The  purine  bases  are  set  free.  Retain  one>fourth  of  the  Mla- 
tion  for  the  next  experiment.  Transfer  (be  remainder  to  a  casserole  sod  add 
aimnonia  will)  thorough  mixing,  a  little  at  a  time,  until  the  fluid  Is  nearly  neutril. 
Then  mnke  sUgbtij  alkaliae  witb  dilute  amnionia  and  filter  if  not  clear.  Transfer 
to  a  beaker  and  add  about  to  c.c.  of  s  per  cent  ammoniacal  siher  nitrate  soltitieo. 
Purine  boxes  if  present  will  yield  a  brown  flocculent  precipitate  of  their  silrtr 
compounds.  If  a  precipitate  does  not  appear  immediately,  examine  the  soluiioo 
after  it  has  been  allowed  to  stand  for  some  time  undisturbed. 

4.  To  Show  the  Presence  of  Protein,  Carbohydrate,  and  Phosphoric  Add 
Radicals  in  Hucleoprotein. — Filter  the  greater  portion  of  the  add  liquid  which  wai 
reserved  from  the  preceding  experiment.  Apply  the  following  tests  to  portioot  0I 
it:  (a)  The  biuret  test,  (b)  The  xanthoproteic  test,  (c)  Molisch  test  (i; 
Fehling's  test,     (e)  Test  for  phosphate. 

5.  Preparation  of  Tbymus  Nucteoprotein.— About  100  grama  of  fresh  ihymu: 
glitnd  (lymphatic  ^ands  may  also  be  used)  freed  B5  neatly  as  possible  from  sdherai 
fat  are  run  tbrouj^  a  meat  chopper.  To  this  material  in  a  flask  add  300  c.e.  oToj^ 
per  cent  NaCt  and  allow  to  ttan<l  34-48  hours  in  the  cold.  A  little  chloroform  uc 
toluol  should  be  added  as  preservatives,  Rnd  the  mixture  shaken  occasionally  durini 
this  period.  Filter.  A  milk  white  liquid  is  obtained.  Precipitate  the  nudeo- 
protein  from  solution  by  the  cjireful  addition  of  dilute  acetic  acid.  Excess  of  Hat 
acid  should  be  avoided.  Ordinarily  acetic  add  to  make  a  i  pec  cent  solution  if 
suffident.  Filter  oS  the  predpitate.  Wnsh  with  alcohol  and  then  vrith  ether  ukl 
dry.  m 

6.  Experiments  on  Tbjmui  Mucleoprot^.— Repeat  the  experiments  ^N 
under  Yeast  Nuclcoprotein  (page  119). 

7.  Preparation  of  Yeast  Nucleic  Acid.^Dilute  50  C.C.  of  i  per  cent  HaOI 
with  250  c.c.  of  water  in  a  casserole  and  add  to  this  solution  100  grams  of  coO' 
pressed  yeast  cut  in  small  pieces.  Heat  on  the  water-bath  for  half  an  hour  «ritl 
occasional  stirring.  Remove  from  the  bath  and  filter  at  once  through  a  foldn 
filter.  To  (he  cooled  filtrate  add  acetic  add  until  faintly  add  to  litmus.  FQte 
again.  Evaporate  the  solution  to  100  c.c.  or  less  and  filter  if  necessary.  AUot 
to  cool  to  4o''C.  or  below,  then  pour  with  vigorous  stirring  into  aoo  C.c.  of  95  pe 
cent  alcohol  containing  1  c.c.  of  concentrated  HCl.  Allow  to  settle  and  wash  thi 
precipitate  by  decantation  in  a  tall  vessel,  tvrice  with  95  per  cent,  alcohol  aai 
twice  with  ether.  Transfer  (o  a  filter  paper.  Allow  to  drain  and  dry  at  rocn 
teiii|ierature. 

ft.  Tests  on  Nucleic  Add  from  Yeast.' — t.  Test  the' solubility  of  nucleic  acii 
in  cold  and  hot  water,  in  alcohol,  and  in  dilute  acid  and  alkali.    To  the  solution  ii 
alkali  add  dilute  HCl  drop  by  drop  until  the  solution  is  acid,  then  add  ezc 
concentrated  HCl. 

Does  nucleic  acid  coagulate  on  boiling?    Does  the  solution  in  hot 
gelatinize    on   cooling? 

3.  Try  xanthoproteic  reaction  and  biuret  test. 

3.  Dissolve  a  little  nucleic  add  in  water  with  the  aid  of  beat    Test  di« 


'  A  Htiftlactory  piepaiation  of  yeast  nudcic  add  may  be  obtained  from  Merck 
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■ction  of  different  portioiu  of  the  salntion  with  litmus,  aHiaiin,  and  CoagD  red 
tolulioa. 

4.  Boil  ft  small  pofllon  of  the  nucleic  add  with  ab»ul  to  c.e.  of  10  per  ceot 
nlphuric  acid  for  one  to  two  minutes.    Divide  into  three  portions. 

(a^  To  one  portion  apply  carbohydrale  le&ts,  e.g.,  the  <t-naphthol  (MoUsch) 
leactioD  and  Bial'x  test.    Wbat  do  these  indicate? 

(b)  To  a  second  portion  apply  a  test  for  purine  bases.  Add  an  excess  ol 
lamionia  and  then  a  tittle  sitrer  nitrate  solution- 

'Ci  To  the  third  portion  apply  test  for  pbosphalc,  adding  ammonia  in  slight 
dcess,  then  making  acid  with  nitric  acid,  adding  molybdlc  solution  and  warming. 

g.  Piepantioo  of  Thymus  Nucleic  Add.' — "To  a  boiling  mixture  of  200  c.c.  of 
ntcr,  10  grams  o(  »odium  acvtate  and  3.3  granu  ot  NaOU,  b  added  in  unall  suo 
CHNve  portions  100  gmmsof  trimmed  and  Gndyitround  thymus  gUnd.  Tbc  tissue 
miully  dissolves  completely  forming  a  pule  brovra  liquid,  but  any  re^slant  portions 
iw<ithcrremovc<l  or  gotten  into  solution  by  heating  for  a  «hort  lime  over  a  small 
hat.  The  vessel  containing  the  products  is  now  immersed  in  a  briskly  boiling 
TCltT'batb  where  it  b  allowed  to  remain  with  occa.tionat  flirting  for  two  hours, 
rben  the  product  is  diluted  witb  one-third  its  volume  of  water  and  made  faintly 
but  distinctly  acid  to  litmua  wiih  so  per  cent  acetic  aci<l.  The  amount  of  acid 
icquird  is  about  to  c,c.  but  (he  final  additions  must  be  made  with  care  because  the 
fluid  mil  not  tUter  unless  the  proper  condition  of  acidity  is  reached.  Any  diificulty 
m«»t  Hits  point  may  be  ca.iily  overcome  by  Ihe  allemalc  a<!dition  of  acetic  acid  and 
wdium  hydroxide  and  testing  a  small  portion  of  the  material  after  each  addition  00 
a  tmiQ  flat  filter  that  has  been  hiMilcd  with  boiling  water.  UTien  the  .-iciilily  has 
Smllybten  obtained  which  is  favorable  to  rapid  filtration,  the  material  is  heated  to 
vitorous  boiling  an<l  filtered  with  a  hot  water  funnel.  Under  proper  conditions  the 
ollntion  proceeds  with  considerable  rapidity  and  continuously  leaves  a  green  slime 
on  the  filter  and  gives  a  pale  yellow  tillrate  which  gelaiiniKCS  upon  cooling.  The 
ilinte  and  washings  are  evaporated  on  a  water-bath  toabout  75  c.c.  and  while  warm 
t^  concentrated  solution  is  poured  ^owly  into  100  c.c.  of  95  per  cent  alcohol.    On 

Pitaodioig  over  night  ihc  prcci|>itnted  sodium  nufltate  ■titles  sharply  to  a  spongy 
Ichite  mass  from  which  the  bulk  of  brown  alcoholic  fluid  can  be  sharply  decanted 
ud  the  remainilcr  previcd  out  with  .i  xp.tlul.i  leaving  the  mulerinl  in  one  cohesive 
Bus.  Tbc  substance  is  washed  by  dccantation  in  turn  with  80  per  cent  and  95  per 
ceat  alcohol  and,  after  pressing  out  the  last  wiish  lluid  as  fur  as  possible  It  tran^iferred 
lo  B  flask  Kith  jo  c.c.  of  hot  water  and  heated  on  a  water-bath.  In  half  an  hour  or 
loa.  insoluble  phosphates  will  collect  leaving  a  petfectlj-  transparent  bierstitial 
faid  which  is  treated  with  i  ce.  of  jo  per  cent  NnOH  to  lower  the  viscosity  and 
filtered  with  a  hot  water  funnel.  The  perfectly  transparent  yellow  filtrate  is  acidi- 
bcd  with  acetic  acid  anil  poure<l  into  70  c.c.  of  95  per  cent  alcohol  when  sodium 
oudeate  will  be  prcdpitalcd  which  can  be  washed  by  dccantation  as  before  with 
ikobul  of  Increasing  strength  and  ground  In  a  mortar  with  absolute  alcohol  until 
it  has  crumbled  to  n  line  white  ponder.  If  necessary  the  absolute  alcohol  may  be 
ieonied  and  renewed  once  or  twice  but  not  ofiener  because  the  nucleate  emulsifies 
vitfa  alcohol  of  I  er  the  la»t  Traces  of  acetic  acid  and  sodium  acclntc  have  been  washed 
iway.  The  malerial  is  finally  washed  on  a  filter  with  absolute  alcohol  and  allowed 
to  dry  in  a  sulphuric  acid  desiccator.  1'hc  yield  of  nudcic  acid  is  about  3.3  grams 
faoBi  too  grams  of  gland.    The  product  is  a  hoc  white  non-hygroscopic  powdci 
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'From  Monograph  on  "Nucleic  Acids"  by  Walter  Jones:  Longmans,  Grcea&Co. 
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that  can  scarcely  be  improvnl  by  any  method  of  puri&cat(oD.  It  b  k  seJttblt 
MKlium  snll  of  thymus  ouclt^k  add  but  is  generally  icfeircd  (o  simply  as  diynun 
nucleic  add.  Very  umilar  or  i<1cnlicul  wubjiUnces  may  be  prepared  by  ihe  suk 
proce<]urc  from  olher  animal  ti^ues,  rich  in  cell  nuclei  such  is  the  pancreas  *■) 
*pl<«n." 

10.  Tests  on  Thymus  Nucleic  Add. — 1-4.  Repeal  the  expcrimcnU  a»  tpva 
under  yeast  nucleic  acid,  page  ijo.     J.  Make  a  ^poccenlMtlulionof  thymus  Ducldc 

j^d  in  hot  wnti^r  (%  gram  to  10  <-.c.)-     Allow  to  cool.     What  lui|>peii3?     Diviib 

■nto  two  porlions.    To  one  add  a  liltlcNaOHMlution;  to  the  other  add  acetic  add. 

TTicn  neutialize  carefully  in  each  case.  Jl 

Both  ncrttc  ncidand  N'aOft  decrease  the  viscosity  of  the  nucleate  solution.  ^ 

may  be  changed  back  an<l  forth  from  the  gelatinous  to  the  fluid  condition  by  tbc 

alternate  inldition  of  ndd  ami  nlknli. 

11.  Tests  on  Ptirine  Bases  and  Derivatives.- (a)  Xaodiine.— i.  Saint 
Nitrate  Reaction.-  Dissolve  a  little  xanthine  in  ammonia  and  add  sUver  oitraie 
solution.     Examine  a  Ultle  of  the  precipitate  microscopically.     I  See  page  351.) 

1.  Copper  Sulphate  Reaction.— Dissolve  a  little  of  the  substance  in  dilute 
alkali,  make  faintly  acid  with  acetic  acid.  Heat  to  hoUing.  Add  i  cc  to 
per  cent  CuSOi  and  then  a  few  drops  el  a  time  of  sodium  bisulphite  (satttrated 
"solution)  until  the  precipitate  becomes  yellovnsh.  All  of  the  purines  give  tfaii 
reaction. 

3.  Nitric  Acid  Test.  Place  a  small  amount  of  the  substance  in  a  anull 
evaporating  dish,  add  a  few  drops  of  concentrated  nitric  acid,  and  evaporate  to 
dryness  very  carefully  on  a  water-bath.  The  yellow  residue  upon  moistuiini 
with  caustic  potash  becomes  red  in  color  and  upon  further  heating  assuinefl  1 
purplish-red  hue-  Now  add  a  few  drops  of  water  and  warm.  A  yellow  lohition 
results  which  yields  a  red  residue  upon  evaporation.  Compare  vritb  similtl 
reaction  on  other  purine  basesand  uric  acid.     (See  Murexide  test,  Chapter  JJSL] 

4.  We  id  el's  Reaction.  -Bring  a  small  amount  of  the  substance  into  solution  is 
bromine  water.  Evaporate  to  dryness  on  a  water-bath.  Remove  the  stoppei 
from  an  anunociia  bottle  and  by  blowing  across  the  mouth  of  the  bottle  direct  the 
fumes  of  ammonia  so  that  they  come  into  contact  with  the  dry  residue.  Undei 
these  conditions  the  presence  of  xanthine  is  shown  by  the  residue  assuming  a  red 
color.  A  somewhat  brighter  color  may  be  obtained  by  using  a  trace  of  nitric  ack 
with  the  bromine  water.  By  Ihe  use  of  this  modification,  however,  we  may  get  1 
positive  reaction  with  bodies  other  than  xanthine. 

(b)  Uypoxanthine. — 1.  Repeat  Experiments  i  and  3  under  Xanthine.  Ex- 
amine the  crystals  of  hypoianthine  silver  nitrate  under  the  microscope.  (Sm 
page  351.)  f 

a.  Dissolve  a  little  of  the  substance  in  a  very  small  amotuit  ot  hot  6  per  ceni 
nitric  acid  and  allow  to  co'oL  Characteristic  whetstone  crystalsof  hypotanthint 
nitrate  should  be  formed.  Examine  under  the  microscope.  (See  Fig.  40,  page 
136.) 

(c)  Adenine.—  1.  Warm  a  few  crystals  of  adenine  in  a  test-tube  with  a  Ultlc 
water.     They  should  become  cloudy  at  Si^C. 

2.  Dissolve  a  little  adenine  in  hot  water  and  add  a  few  drops  of  picric  acid. 
Examine  the  pale  yellow  crystals  under  the  microscope.  The  picrale  crysUl' 
lizes  as  needle  clusters. 

3.  Repeat  Experiment  3  under  Xanthine. 
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f      (d)  Gtuntne.— [.  Dissolve  a  little  subsUuice  in  lo  35  times  its  weight  of 

boiling  5  per  cent  alcohol.    Allow  to  cool  and  examine  crystals  microscopically. 

3.  I>isgatve  a  little  guanine  in  ao-as  times  its  weight  of  boiling  5  per  cent 

bjdrochloric  acid.    ADow  to  cool  and   examine  crystals  under   microscope. 

^(jeeFij.  39,  page  13$) 

3-  Perform  Experiment  3  under  Xanthine. 

(e)  Uric  Add.— i.  On  a  small  amount  of  uric  acid  try  the  test  as  given  under 
f  Xanthine  otnnber  3.  This  test  on  uric  acid  is  called  the  Murexid«  test. 
>.  For  other  tests  00  tirlc  acid  see  Chapter  XXII  on  Urine. 
II.  Isolation  of  Gttanine  and  Adenine  hxim  Nucleic  Acid  (Method  of  Wal- 
ler Jones),'-  Tbt  amiim  puiiiits  may  bt  isubtet!  frumyf;ist  iir  thymus  iiutitic  add 
orfiOBiglanduJnrtiMuc  (tuch  as  the  pancreas)  after  hydrolysis  of  the  material  with 
nlphuric  add. 

In  the  case  of  yeaitt  nucleic  acid,  hcnt  10  grams  of  the  substRiicc  with  50  c.c.  of 
lapticent  sulphuric  acid  on  a  boiling  water-bath  for  about  two  hours.  repUcing 
Bty  water  liut.  or  UMiig  a  condcn.tiT  tube.  To  the  hot  solution  n<ld  conccntrutcd 
unnmiua  slowly  until  approximately  neutral.  Then  add  enough  excess  of  ammonia 
U  make  about  a  i  percent  aoluiiun.  Filter  ofl  the  precipitate  of  guanine  and  wash 
it  with  I  per  cent  ammonia.  Dissolve  in  as  small  an  amount  of  30  per  cent  sul- 
phuric idd  as  possible,  add  a  titilc  animal  charcoal  and  boil.  Filter,  heat  10  boiling 
andpttcipitutc  with  cxccw  of  ammonia.  Filler,  dry  ihc  precipitate  at  4o''C.  and 
isMlvc  it  in  about  io  parts  of  boiling  s  per  cent  hydrocUoric  add.  ,\s  the  solu- 
tion tOoU  guanine  chloride  sc{>aru(M  out  oa  nerdle-f.hnpe(I  rryxtaU.  Filter  oil, 
■aih  with  very  dilute  hydrochloric  acid  and  dr>'  in  the  air  (do  not  put  in  desiccator). 
Perform  the  nitric  aci<l  test.  <jn  the  product. 

Combine  the  ammoniacal  tiliratcs  obiauied  in  the  isolation  and  purification  of 

rufline.     Filter  {(  oeccsaary.    The  ammonia  may  then  be  boiled  oil  and  an  excess 

of  picric  acid  added  in  which  case  a  yellow  precipitate  of  adenine  pic  rate  is  produced 

•hich  U  filtered  off  and  dried.     It  is  better,  however,  to  neutralise  the  ammonia  of 

theciHnbinedSltnitrJiand  make  fninlly  acid  with  sulphuric  add.     Then  predpitate 

ihf  adeiiinc  as  its  copper  compound  (see  direction*  under  experiment  on  Demonstra- 

liOD  of  NudeaMS  B)  decom{x>sing  this  with  hydrogen  sulphide  and  cvngKiratiiig  the 

illrate  from  the  copper  sulphide  to  dryness  on  the  waler-bath.     DtsMtlve  the  residue 

ia  hot  5  per  cent  sulphuric  add  and  allow  to  rrynlaltiiic  out.     If  necessary  dissolve 

in  hot  water  decolorize  with  a  little  charcoal  and  allow  10  crystallize  out  again. 

he  compound  has  the  formula  (CtHiNi)i.Ht^<.3UiO.    .Apjily  the  picric  acid 

:  nitric  add  tests  as  given  under  adenine  (page  t3i)> 

13.  The    Pyrimidine    Derivatives.     The    pyrimidinc    derivatives, 
3sinc,  thymine,  and_  uracil,  arc  separated  from  nucleic  iicid  with 

)me  diflicuUy.    The  following  test  may  be  made  on  a  solution  of 

irtosinc  or  uracil.     Thymine  dots  not  give  the  test. 

Wbeeler-Johiuon  Reaction  for  Uracil  and  Cylosine.— To  about  5  c.c.  of  th« 
ilation  under  examination  add  bromine  water  until  the  color  is  permanent. 
Ivold  the  addition  of  a  large  excess  as  this  will  interfere  with  the  lest.  In 
case  the  soludoo  contains  only  small  quantities  of  cytosine  or  uradl  it  is  advis- 
■Ue  to  remove  any  excess  of  bromine  by  passing  a  stream  of  air  through  the 

'  Sec  Waller  Joiim:  MunuKraph  011  ".\uckic  .\cid»,"  1914,  Longmnns.  Green  &  C<j, 
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solution.     Now  add  an  excess  of  «n  ttqueous  sotation  of  bafium  bydroxid< 
and  noi«  the  appearance  of  a  purple  color. 

Vcr>'  dilute  solutions  do  not  give  the  test.  Under  these  conditions 
the  solution  should  b«  evaporated  to  dryness,  the  residue  dissolved  in  > 
little  bromine  water  and  the  excess  of  bromine  removed,  llien  upon 
adding  an  excess  of  barium  hydroxide  a  decided  hlui^i-pink  or  iaveoder 
color  mil  appear  in  the  presence  of  as  small  an  amount  aso.ooi  gramof 
uracil. 

In  testing  solutions  for  cytosine  it  is  preferable  to  warm  or  b(»l  the 
solution  with  bromine  water,  and  after  cooling  the  solution  to  appiy 
the  test  as  suggested  above,  being  careful  to  have  a  slight  excess  d 
bromine  present  before  adding  barium  hydroxide. 

14.  Demonstraticm  of  Nucleases  and  Purinases  in  Tissues.^— .Ml 
glandular  tissues  contain  nucleic  acids  and  eiiz}-mcs  capable  of  thdi 
hydrolysis  as  well  as  the  transformation  of  liberated  purine  bodies. 
By  allowing  autolysis  (seU-digcstion)  to  take  place  in  sudi  a  tissue  and 
studying  the  products  formed  it  is  possible  to  determine  what  enz>'mes 
were  present  in  the  tissue  under  examination.     Typical  results  may  be 
obtained  by  using  ox  and  pig  spleens,  which  differ  in  the  purine  enzjmeS 
which  Uiey  contain.    The  two  experiments  should  be  run  in  parallel. 

A.  Preparation  of  the  Material  for  Digestion. — Run  the  gland  once  or  twie^ 
through  a  meat  chopper.    Introduce  about  650  grants  into  a  two  liter  bottle,  fiH 
abotit  three  •quartets  fuU  of  water,  add  30  cc.  of  chloroform,  and  allow  to  renuio 
at  room  temperature  for  12-36  hours  with  occasional  agitation.    Strain  througti 
linen  and  replace  the  turbid  extract  in  the  bottle  with  10  c.c.  of  cblorofonii.    Thifl 
solution  contains  the  enzymes  and  nucleic  add  of  the  tissue.     (Reserve  50  cc. 
of  one  of  the  extracts  for  the  experirnent  on  phoiiphonuclcave  (E),  which  should 
also  be  started  at  this  time.)    The  bottle  is  tightly  closed  and  allowed  to  remain 
In  the  thermostat  4-5  days. 

B.  Separation  of  Purine  Derivatives  from  Other  Substances.— Introduce 
the  products  into  a  saucepan  or  large  evaporating  dish,  beat  to  brisk  boiling, 
make?  faintly  alkaline  with  caustic  soda,  boil  a  few  minutes,  make  faintly  add  will: 
acetic  acid,  boil  vigorously  and  filter  hot.  (If  desired  one-half  of  the  filtrate  may 
be  treated  with  100  cc.  of  30  per  cent  sulphuric  acid  per  liter  and  boiled  for  one 
hour,  keeping  at  constant  volume.  At  the  end  of  the  hydrolysis  the  sulphuric  add 
is  nearly  neutralized  with  caustic  soda  and  the  purine  bases  of  the  solution 
determined  as  in  the  other  half  of  the  filtrate.  This  will  give  information  at  to 
the  presence  of  deaminases  acting  upon  the  amino  purines  remaining  in  combina- 
tion). To  the  boiling  filtrate  add  too  c.c.  of  10  per  cent  copper  sulphate  and  small 
successive  portions  (1-5  c.c.)  of  sodium  bisulphite  (commercial  saturated  solution) 
until  the  predpitate  takes  on  a  decided  yellow  color  due  to  precipitation  of  cuprous 
oxide.  Filter,  wash  the  precipitate  with  boiling  water,  pierce  the  filler  and  wadi 
the  precipitate  into  a  flask.     Add  i  per  cent  sodium  sulphide  Kolution  to  decom- 

'  From  Monograph  on  "Nudric  Adds"  and  Labomiory  Nutcs  in  Pli>'«[olo^cal  CIms- 
airy  by  Ptototot  W  aiicr  Jones  of  Johns  Hopkins  Uoivcnily,  wiih  nddition*. 
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pOK  tb«  copper  compound  contiauuic  the  addition  until  the  precipitate  becomes 
Diiifonalr  black  and  then  in  small  successive  poitions.  testing  a  drop  of  the  prod- 
uct kftcr  each  addition  by  bringing  it  into  contact  with  a  diop  of  lead  acetate 
OD 1  filter  paper.  To  the  boiling  fluid  add  acetic  acid  (in  the  case  of  the  extract 
g(  pi|>s  spleen  and  other  solutions  containing  guanine  the  acetk  add  should  be 
ttpltced  by  dilute  sulphuric)  until  the  insoluble  copper  sulphide  collects  and  filter 
die  hot  fluid  as  quickly  as  poesible. 

C.  Treatment  of  the  FUtrale  from  Pig's  Spleen.-  When  the  filtrate  from  the 
tipper  sulphide  Is  cold  make  strongly  alkaline  with  ammonia  and  precipitate  the 
purine  contpoands  wiUi  a  slight  excess  of  ammoniacal  silver  nitrate.  Filter,  wash 
Iboroufhly  with  CoM  water.  I^crce  the  paper,  wash  the  precipitate  into  a  flask 
mill  botlinc  water  and  decompose  the  silver  precipitate  with  hydrochloric  acid. 
When  enough  acid  bas  been  added  the  silver  chloride  will  settle  as  a  heavy  case- 
ous precipitate  leaving  clear  interstitial  fluid.  Filter  and  heat  the  filtrate  to 
boiUog.    Treat  with  an  excess  of  ammonia  (enough  to  make  about  1-2  per  cent). 


Fio.  30— CcAViJJT.  CiitoRTiir. 
(Reproduced  from  tryatals  tumijilicU  by  I'rijii  i-i^r  ^Vallcr  JniMS.) 
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V  Allow  to  cool  and  filler  oGT  the  guanine  which  precipitates.  Wash  the  guanine 
I  *Hli  I  per  cent  ammonia  and  then  suspend  it  in  a  little  hot  water  and  add  a  few 
I  drops  eS  30  per  cent  sulphuric  acid  to  dissolve  it.  At  the  boiling  point  add  a  little 
I  uaml  charcoal,  boil  and  filter-  Make  stiongly  alkaline  with  ammonia.  Snow 
while  guanine  is  precipitated.    Dissolve  the  precipitate  in  30  volumes  of  boiling 

5  per  cent  hydrochloric  acid-    Upon  cooUng  beautiful  needle-shaped  crystals  of 
gnanine  cbloiide  separate.    (See  Fig.  39.) 

Evaporate  the  filtrate  from  the  giianine  to  dryness  on  the  water-bath  to  eipel 
ammooia.  Moisten  with  hydiocMoric  acid  and  again  evaporate.  Treat  the 
reddue  with  warm  water.  Does  it  dissolve  almost  completely  indicating  the 
abeenceof  xanthine  and  tvric  acid?  Test  a  drop  of  the  solution  with  picric  acid. 
U  no  precipitate  is  obtained  adenine  is  absent.  Evaporate  to  dryness,  moisten 
with  alcohol  and  again  evaporate.     Dissolve  the  residue  in  about  30  parts  of  hot 

6  per  cent  nitric  acid.    On  cooling,  characteristic  whetstone  crystals  of  hypo- 
xanthine  nitrate  form.      ((See  Fig.  40,  page  136.)     The    xanthine  nitric  acid 

^_color  test  should  be  practically  negative  on  this  product. 
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What  does  the  finding  of  guanine  and  hypoxanthine  but  not  ■ 
thine  indicate  as  to  the  type  of  purine  deaminaB«  present  in  tin 

D.  Treatment  of  ratrate  from  Ox  Spleen,— The  filtrate  from] 
phide  should  b«  eraporaied  to  dryness  on  the  wat«r-bath.  E^ 
witer-  Test  a  part  of  this  aqueous  solutlott  with  picric  add.  A  I 
tate  indicates  the  absence  of  adenine.  To  another  portion  ad 
lack  of  precipitate  indicates  the  absenc«  of  guaninei,  and  thea 
niacal  Bilvei  nitrate  solution  (lock  of  appreciable  precipitate  india 
purines  of  any  kind  in  more  than  traces).  Dissolve  baU  of  the' 
should  consist  mainly  of  uric  add  and  xanthine,  in  as  few  drops  < 
■tUphuric  add  as  possible  and  dilute  with  4  volumes  of  water. ' 
uric  acid  begins  to  separate  and  then  let  stand  for  about  three  bt 
add  is  completely  predpitated.  Apply  the  murexide  test.  To' 
of  the  xanthine-uric  add  residue  add  a  little  4  per  cent  potassium  I 
tion.    Warm  and  add  an  equal  volume  of  30  per  cent  nitric  add. '. 


i 


FKJ.  40- — H^fuXANTHIM:  Chuiride.' 
l,Rcproduc«tl  from  cfj-itili  furnisfird  by  rrofoaor  Walter  Jd 

Xanthine  nitrate  separates  out  in  a  granular  form,  showing  chantd 

under  the  microscope.    Apply  the  nitric  acid  test. 

What  does  the  presence  of  uric  acid  and  xanthine  and  the  abM 
and  adenine  indicate  as  to  the  purine  enzymes  of  ox  spleen?  ' 

E.  Demonstration  of  Nucleotidase  (Phosphonucleasel,- -lo  f 
us«  the  50  c.c.  portion  of  en2yme  solution  retained  from  Experinuj 
Prepare  a  2  per  cent  solution  of  yeast  nucleic  acid  aiding  the  sohill 
addition  of  KOH  solution  until  the  reaction,  as  indicated  by  a  fewi 
added,  is  neutral.  Prepare  a  series  of  three  large  test-tubes  as  fd 
place  10  c.c.  of  enzyme  solution  and  $  c.c.  of  nucleic  acid.  In  Nd 
of  enzyme  soluUon  and  5  c.c.  of  water.  In  No.  3  place  10  CC  ol  Cfl 
boiled  and  5  c.c.  of  nucleic  add.  To  each  tube  add  a-3  cc.  eadl 
toluol  as  preservatives.  Place  the  lubes  at  37°C.  for  24  hours, 
litmus  solution  to  each  tube  and  note  whether  any  changes  in  read 
place.  Put  the  tubes  in  boiling  water  for  a  few  minutes  to  C0^ 
Then  add  5  c.c.  of  5  per  cent  HCl  and  let  stand  for  an  hour.  TB 
'llypuxiinlhiiic  nilrulc  ttyilalliw.-*  in  simibr  lotiii. 
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■ny  unaltered  nucleic  «cid  which  may  be  present.  Filler  and  talte  an  aliquot 
porbon  of  each  filtrate  [15  c.c.)>  Add  magnesia  mixture  and  a  few  cubic  centi- 
meters  of  strong  ammonia-  Let  stand  over  night.  Any  phosphoric  acid  present 
will  be  precipitated  as  magnesium  aramooium  phosphate.  Observe  the  relatiTe 
amounts  of  phosphate  in  each  case.  Has  any  phosphate  been  set  free  from  the 
nodeJc  add  added?    From  the  nucleic  add  of  the  gland  ertract? 

15.  EzperimentGonUricase  (UricolyticEnxyme).— A.  Preparation  of  Extract 
CoDlaining  Uricase. — Extract  about  50  grams  of  pulped  kidney  ttssu«  of  the  ox 
wk  aoo  c.c.  of  toluol  or  chloroform  water  at  38  C.  for  24  hours,  wiih  occasional 
ihaking.    Filler  and  use  the  filtrate  in  the  following  experiment. 

B.  I>enionstTation  of  Uricase.— Add  about  0.1  gram  of  uric  acid  to  10  c.c. 
DJstter  and  bring  the  uric  acid  into  solution  by  the  addition  of  the  minimal  quan- 
Hiy  of  KOH.  To  5  c.c.  of  this  uric  acid  solution  in  a  test-tube  add  50  cc.  of  the 
^ncolTtJc  enzyme  extract  prepared  as  described  above.  Prepare  a  second  tube 
coiuiniog  a  like  amount  of  the  uric  add  solution  but  boU  the  extract  before 
ti  ii  introduced.  Place  the  two  lubes  at  38''C.  for  two  days.  The  vessels  should 
be  open  to  the  air  and  the  contents  stirred  occasionally,  or  much  better,  a  con- 
iiDuouK  current  of  air  which  has  gone  through  a  chloroform  wash  bottle  is  passed 
through  the  mixture.  Make  both  mixtures  faintly  acid  with  acetic  add  and 
iioil.  Filter  and  take  an  aliquot  of  each  filtrate.  Evaporate  to  low  volume,  make 
tiiDtly  alkaUne  with  ammonia  and  filter.  Add  a  few  cubic  centimeters  of 
unmomacal  silver  nitrate  solution.  Any  uric  acid  will  be  precipitated  as  silver 
utiu.  The  control  should  give  a  heavy  precipitate  while  the  test  should  show 
DDpiecipiialeorouemuchlighier  than  the  control,  due  to  uric  acid  destruction  in 
flie  latter  case. 

If  il  is  desired  to  separate  out  the  pure  uric  add  the  silver-purine  predpiiate 
Duy  then  be  filtered  off.  It  is  wasbed  with  water  and  transferred  to  a  beaker  with 
to  »id  of  a  UlUe  water.  To  the  miilure  add  a  few  cubic  centimeters  of  hydrogen 
tulptiiile  solution  and  a  few  drops  of  HCI  and  allow  to  stand  over  night.  The  uric 
icid  ibould  separate  out  In  crystalline  form  and  should  be  found  in  less  amount 
ta  tb«  test  than  in  the  control  experiment.  The  uric  acid  may  also  be  titrated 
with  permaiiganaie  as  in  the  Fohn-Shafier  method  for  uric  acid  in  urine.  <  See 
Clupler  XXVI  on  Quantitative  Analysis  of  Urine.)  This  will  enable  us  to 
iliitersuiiv  exactly  how  much  of  the  uric  acid  was  destroyed  through  the  action 
ti  Ibe  (uyme  extract. 


CHAPTER  VII 
GASTRIC  DIGESTION 

Gastric  digestion  takes  place  in  the  stomach  and  is  promoted  by 
the  gastric  juice,  which  is  secreted  by  the  glands  of  the  stomadi  mucosa. 
These  glands  are  of  two  kinds,  fundus  glands  and  pyloric  glands  whidi 
are  situated,  as  their  names  imply,  in  the  regions  of  the  fundus  and 
pylorus.  The  principal  foods  acted  upon  in  gastric  digestion  are  the 
proteins  which  are  so  changed  by  its  processes  as  to  become  better  prt 
pared  for  further  digestion  in  the  intestine  and  for  their  final  absorption. 

From  reliable  experiments  made  upon  lower  animals  it  is  evident 
that  the  gastric  juice  is  secreted  as  the  result  of  stimuli  of  two  forms, 
i.e.,  psychical  stimuli  and  chemical  stimuli.  The  psychical  form  d 
stimuli  may  be  produced  by  the  sight,  thought,  or  taste  of  food,  and  th( 
chemical  stimuli  may  be  produced  by  certain  substances,  such  as  water, 
milk,  the  extractives  of  meat,  etc.,  when  coming  in  contact  with  the 
stomach  mucosa.  The  stimulatory  power  of  water  has  been  very 
strikingly  demonstrated.^  The  claim  that  the  drinking  of  water  witii 
meals  is  harmful  because  such  a  procedure  causes  a  dilution  of  the  gastric 
juice,  has  no  basis  in  fact.  The  drinking  of  water  with  meals  by  normal 
individuals  has  been  found  to  be  accompanied  by  a  more  economical 
utilization  of  the  ingested  proteins,  fats  and  carbohydrates.  VarioiB 
other  desirable  and  no  undesirable  features  have  been  demonstrated 
as  accompanying  or  following  such  a  dietary  procedure.*  No  experi- 
mental  evidence  has  been  submitted  which  can  justly  be  interpreted  U 
showing  any  harmful  influence  to  accompany  or  follow  the  drinking, 
by  normal  persons,  of  large  quantities  of  w^ter  at  meal  time. 

The  volume  of  gastric  juice  secreted  during  any  given  period  of 
digestion  varies  with  the  quantity  and  kind  of  the  food.  These  con- 
clusions were  deduced  principally  from  a  series  of  so-called  delusiie 
feeding  experiments.  A  dog  was  prepared  with  two  esophageal  open- 
ings and  a  gastric  fistula.     ^Vhen  thus  prepared  and  fed  foods  of  various 

'  Foster  and  Lambert;  Jeiirn.  Expcr.  Med.,  lo,  8ao,  1908. 

Her(!f;iin,  Rchfuss  and  llaivk:  Jour.  BiA.  Chem.,  ig,  345,  \i)n. 
'  Hawk:  I'nivcrsily  of  Pcnnsyhania  Medical  Bullclin,  18,  r,  1905. 

I''owler  ami  Hawk:  Jour.  Expi-r,  Med.,  13.  388,  1910. 

Hattrcm  and  Hawk:  Arch.  Int.  Med.,  7.  Oio,  1911. 

Maltill  and  Hawk:  Jour.  Avi.  Chem.  Soc,  33,  pp.  ii»;8,  1999,  and  aoig,  1911. 

Hawk:  Arch.  Inl.  Med.,  8,  38;,  igii. 

Hawk:  Proceedings  Sue.  Erf.  Biol,  and  Med.,  8,  36,  1910. 

Fairhall  and  Hawk:  Jour,  Am.  Chem.  i'oc,  34,  546,  19I!. 

Howe  and  Hawk:  Jour.  Bio!.  Chem.,  11,  129,  1912. 

Hawk:  Biochcm.  Bull,,  3,  -120,  1014. 
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jnds  such  as  meat  and  bread,  the  material  instead  of  passing  to  the 
lomadi.  would  invariably  find  its  way  out  of  the  animal's  body  at  the 
ippcr  esophageal  opening.  ITirough  the  medium  of  the  gastric  fistula 
the  course  of  tlic  setretion  of  gastric  juice  could  be  carefully  followed. 
U  was  found  that  when  the  dog  ate  meat,  for  example,  there  was  a  large 
HCietion  of  gastric  juice  notwithstanding  no  portion  of  the  food  eaten 
\ti&  reached  the  stomach.  Further  experiments  made  through  the 
medium  of  a  cul-de-sac  formed  from  the  stomach  wall  have  given  us 
aany  valuable  conclusions,  among  others  those  regarding  the  influence 
of  the  diemical  stimuli.  The  method  followed  was  to  feed  the  animal 
certain  substances  and  note  the  secretion  of  gastric  juice  in  tlie  miniature 
llomach  while  the  real  process  of  digestion  was  taking  place  in  the 
stoioach  proper. 

Norma!  gastric  juice  is  a  thin,  light  colored  fluid  which  is  add  in 

Inaction  and  has  a  specific  gravity  varying  between  i.ooi  and  i.oio. 

It  contains  only  2-3  per  cent  of  solid  matter  which  is  made  up  prin- 

dpolly  of  hydrochloric  acid,  sodium  chloride,  potassium  chloride,  earthy 

FAosphales,  mucin  and  the  enzymes  pepsin,  gastric  reitnin,  and  gaslric 

lifast;  the  hydrochloric  acid  and  the  enzymes  are  of  the  greatest  inipor- 

tiacc.    The  acidity  of  the  gastric  juice  is  due  to  free  hydrochloric  acid. 

It  lis  formerly  believed  that  tlus  acid  was  secreted  by  the  parietal  cells 

oi  ihe  fundus  as  well  as  by  the  chief  cells  of  both  the  fundus  and  pyloric 

jUnds.    It  has  been  daimcdj'  however,  that  Ike  porielat  (Hi  is  the 

Mti  0}  Hie  formalion  of  Hie  hydrochloric  add.    lliis  conclu.sion  is  based 

upon  the  formation  of  Prussian  blue  after  the  subcutaneous  injection  of 

poiasiium  ferrocyanide  and  ammonium  ferric  citrate  (rabbits  and 

^ines-pigs)  and  the  subsequent  (3  to  30  hours)  microscopical  examina- 

tj«n  lA  the  gastric  mucosa.    The  acid  was  shown  to  be  present  in  the 

bDniai  of  the  gland  tubules  and  in  the  canaliculi  of  the  parietal  cells; 

tnas  were  also  apparently  present  in  the  cytoplasm.    Later  Benslcy 

Hi  Harii-ey'  showed  by  means  of  dyes  which  act  as  vital  stains  and 

i&dkators  very  sensitive  to  alkali  that  the  suretion  in  the  parietal 

is  slighUy  alkaline  whereas  that  in  the  lutnen  of  the  gland  proper 

Wy  Hearty  neutral.    ITierefore,  the  acid  is  formed  entirely  above  the 

ft  the  gland  proper,  i.e.,  in  the  fovcolsc  and  on  the  surface.     Ham- 

l'  and  still  more  recently  Macalhim  and  ColJip*  have  confirmed  Miss 

aid's  claim  that  the  add  is  formed  in  the  parietal  cells, 
ll  Was  believed  that  hydrochloric  acid  was  generally  present  in  the 
■trie  juice  of  man  to  the  extent  of  about  0.2  per  cent.    When  tlie 


'  RiKOild;  Prtettdinti  Royal  Socifty  (B),  83,  56, 
Htnltyand  llarvcy:  ISiolotUal  ButUHn,  >s,  s»j, 
'"""nclt:  AnatomU-ai  Record,  t),  ii.  lo 
Kciwrtcd  l^Iore  Society  of  Biolocit*!  t! 
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amouat  of  hydrochloric  acid  varied  to  any  considerable  degree  from  tlu 
value  a  condition  of  hypoacidity  or  hyperacidity  was  said  to  be  es- 
tablished. On  the  basis  of  more  recent  experiments,*  however,  il 
appears  that  the  actual  acidity  of  the  gastric  juice  of  man  as  secretet 
by  the  glands  is  0.4  to  0.5  per  cent  hydrochloric  add.  Boldyreff  bt 
lieves  that  this  acidity  is  lowered  to  about  0.2  per  cent  by  regurgitatioi 
of  alkaline  fluid  from  the  intestine  (Chapter  VIII  on  Gastric  Analyas) 
Hydrochloric  acid  has  the  power  of  combining  with  protein  substance 
taken  in  the  food,  thus  forming  so-called  combined  hydrochloric  adc 
This  combined  add  is  a  less  potent  germicide  than  free  hydrochlori 
add  and  has  less  power  to  destroy  the  amylolytic  enzyme  saliva 
amylase  (ptyalin)  of  the  saliva.  This  last  fact  explains  to  a  degree  tb 
possibility  of  the  continuance  of  salivary  digesrion  in  the  stomadi. 

The  term  combined  hydrochloric  acid  is  really  a  misnomer.  Whe 
free  hydrochloric  acid  is  treated  with  a  protein  the  latter  functions  i 
a  base  and  a  salt  is  formed.  Therefore,  instead  of  having  "con 
bitted  hydrochloric  acid"  we  have  a  protein  salt  of  hydrochloric  ach 
This  salt  ionizes  differently  from  the  free  add.  This  fact  explains  tl 
variation  in  the  germiddal  properties  of  the  two  solutions  as  well  i 
their  different  action  toward  enzymes,  such,  for  example,  as  salivai 
amylase  (see  page  61).  • 

The  hydrochloric  add  of  the  gastric  juice  forms  a  medium  in  whit 
the  pepsin  can  most  satisfactorily  digest  the  protein  food,  and  at  tl 
same  time  it  acts  as  an  antiseptic  or  germidde  whidi  prevents  putt 
f  active  processes  in  the  stomach.  It  also  possesses  thepower  of  invertil 
cane  sugar,  this  property  being  due  to  the  hydrogen  ion.  When  tl 
hydrochloric  acid  of  the  gastric  juice  is  diminished  in  quantity  (hypoadi 
ity)  or  absent,  as  it  may  be  in  many  cases  of  functional  or  organic  di 
ease,  there  is  no  check  to  the  growth  of  micro-organisms  in  the  stomad 
There  are,  however,  certain  of  the  more  resistant  spores  which  even  tl 
normal  acidity  of  the  gastric  juice  will  not  destroy.  A  condition  ■ 
hypoacidity  may  also  give  rise  to  fermentation  with  the  formation' 
comparatively  large  amounts  of  such  substances  as  lactic  add  ai 
butyric  acid. 

The  question  of  the  origin  of  the  hydrochloric  add  of  the  gasti 
juice  is  a  problem  to  whose  solution  many  investigators  have  givf 
much  attention.  Many  theories  have  been  proposed,  among  them  tl 
interaction  of  sodium  chloride  with  carbonic  acid,'  with  acid  phosphat 

'  Babkin:  Die  iiusserc  Scltretion  der  VerdauungsdrQsen,  Berlin,  1914,  p.  113. 
Boldyreff:  Quarl.  Jour.  Exper.  Physiol.,  8,  i,  1914. 
Carlson:  Am.  Jour.  Physiol.,  38.  248,  1915. 
'  Bunge:  PhysioloRic  and  Pathologic  Chemistry,  2nd.  Eng.  Ed.,  Philadelphia,  1901,  p.  i 
*  ,Maly:  Zeil.  f,  pkysiol.  Chem.,  1,  174,  1877.     Macallum  and  ColUp:  Reported  W 
the  Society  of  Biological  Chemists,  Boston,  Dec.  37,  1915. 
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01  uiUi  organic  acids-  On  the  other  hand,  it  is  possible  that  hydro- 
dilortc  acid  is  set  free  from  combination  with  some  wcalc  base  as 
■mnoDia'  or  that  free  phosphoric  acid  valences  may  be  set  free  by  the 
tiu)'mic  hydrolysis  of  organic  phosphoric  acid  esters.*  \Vc  cannot  go 
into  a  discussion  of  these  various  theories.  That  the  hydrochloric 
and  arises  from  the  chlorides  of  the  blood  appears  to  be  well  established 
but  the  same  cannot  be  said  with  regard  to  the  immediate  or  ultimate 
origin  of  the  hydrogen  ions  involved  in  the  reaction. 

The  most  important  of  the  enzymes  of  the  gastric  juice  is  the  pro- 

todytic  enzyme  pepsin.     The  pepsin  does  not  originate  as  such  in  the 

gtstric  cells  but  is  formed  from  its  precursor,  the  zymogen  or  motlier- 

substaoce  pepsittogeh,  which  is  apparently  produced  by  the  parietal 

cdls  of  the  fundus  as  well  as  by  the  chief  celts  of  the  fundus  and  pyloric 

Sb&(I».     Pepsinogen  may  be  differentiated  from  pepsin  from  the  fact 

ibH  it  is  more  resistant  to  alkali.'    Upon  coming  into  contact  with  the 

hjidriKhloric  acid  of  the  secretion  this  pepsinogen  is  immediately  Irans- 

fotmcd  into  pepsin.     Pepsin  is  not  active  in  alkaline  or  neutral  solutions, 

but  requires  at  least  a  faint  acidity  before  it  can  exert  its  power  to  dis- 

Kdvc  and  digest  proteins.     The  percentage  of  hydrochloric  acid  facili- 

talitig  the  most  rapid  peptic  action  varies  with  the  character  of  the 

protein  acted  upon,  e.g.,  0.08  per  cent  to  o.  i  per  cent  for  the  digestion  of 

fibrin  and  0.25  per  cent  for  the  digestion  of  coagulated  egg-while. 

V\ak  hydrochloric  acid  is  the  acid  usually  employed  to  promote  arti- 

fadal  peptic  proteolysis,  other  acids,  organic  and  inorganic,  will  .serve  the 

ft  purpose.     Acidity  of  the  liquid  is  necessary  to  promote  the 
rit)'  of  the  pepsin,  but  the  acidity  need  not  necessarily  be  confined 
»  Hydrochloric  acid. 

lo  common  with  many  other  enzymes  pepsin  arts  best  at  about 
38'-4o''C.  and  its  digestive  power  decreases  as  the  temperature  is  low- 
ffri,  the  enzyme  being  only  slightly  active  at  o^C.  Us  power  is  only 
tODpotariiy  iiitubited  by  the  application  of  such  low  temperatures, 
iiswevcr,  an4  the  enzyme  regains  its  full  proteolytic  power  upon  rais- 
ing ihe  temperature  to  40X.  As  the  temperature  of  a  digestive  mix- 
hn?  is  raised  above  4o''C.  the  pepsin  gradually  Io.ses  its  actiwty 
uniil  at  about  8o'*-ioo°C.  its  proteolytic  power  is  permanently 
dtSUoyed. 

Our  ideas  regarding  the  nature  of  the  products  formed  in  the  course 
cf  peptic  proteolysis  have  undergone  considerable  revision  in  recent 
yttn.  The  former  view  that  these  products  included  only  acid  albu* 
minate  (add  mctaprotein) ,  proteoses,  peptones  and  peptides  is  no 

'  Milbcwi:  PhytiologJCiO  Cbcmii^lry.  New  York.  IQ15,  p.  374- 
'  Btntflm:  Proc.  Sot.  Exp,  Biol,  and  UuU.,  I),  11,  1914- 
'lAOffty:  J»ur.  vf  Pkytht.,  3y  34^. 
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longer  teoable.     From  the  investigations  of  numerous  observers  we 
have  learned  that  artificial  gastric  digestion  if  permitted  to  proceed  for  s 
sufficiently  long  period  will  yield,  in  addition  to  proteoses,  peptones  and 
peptides,  a  long  list  of  protein  cleavage  products  v^ch  are  crystalliae 
in  character,  includiog  leucine,  tyrosine,  alanine,  phenylalanine,  asparUc 
acid,  glutamic  acid,  proline,  leucinimide,  valine,  and  lysine.    A  similu 
group  of  substances  may  result  from  the  action  of  the  enzyme  trypan 
(see  page  186).    The  relative  amounts  of  proteoses,  peptones,  and  crys- 
talline substances  formed  depends  to  a  great  extent  upon  the  charactn 
of  the  protein  undergoing  digestion,  e.g.,  a  greater  proportion  of  pro- 
teoses results  from  the  digestion  of  fibrin  than  from  the  digestion  d 
coagulated  egg-white.    We  must  not  be  led  into  the  error  of  thinking 
that  the  large  number  of  protein  cleavage  products  just  mentioned  ait 
formed  in  the  course  of  normal  gastric  digestion  vnthin  the  animd 
organism.    They  are  formed  only  after  comparatively  long-continued 
hydrolysis.     In  pancreatic  digestion,  however,  there  are  formed  evoi 
under  normal  conditions  the  large  number  of  cleavage  products  to 
which  reference  has  been  made.     Peptic  proteolysis,  therefore,  within 
the  animal  organism  differs  from  tryptic  proteolysis  (see  page  1B6) 
in  that  the  former  yields  larger  amounts  of  proteoses,  smaller  amounb 
of  peptones  and  no  considerable  quantity  of  crystalline  bodies  as  end- 
products  in  the  brief  period  during  which  proteins  are  ordinarily  sub- 
jected to  gastric  digestion.     Prolonged  hydrolysis  with  gastric  juice 
does,  however,  yield  considerable  quantities  of  the  non-protein  end- 
products.     In  cases  of  cancer  of    the  stomach   a  peptide-splittini 
enzyme  (erepsin)  is  said  to  be  present  in  the  stomach  contents,    lldi 
enzyme  is  believed  to  be  elaborated  by  the  cancer  tissue  and  its  identi- 
fication  is  of  importance  in  connection  with  the  diagnosis  of  gastric 
cancer.     The  glycyl-trytophane    test'    is    sometimes    used  for  Ai* 
purpose.     This  test  has  been  very  severely  criticized  (see  page  199)- 
Abderhalden  and  Meyer'  have  shown  active  pqisin  to  be  present 
in  the  contents  of  all  parts  of  the  small  intestine.    It  is  suggested  that 
pepsin  may  be  adsorbed  in  the  stomach  by  sudi  protein  substances 
as  pass  into  the  intestine  in  solid  form  and  that  the  pepsin  thus  pro- 
tected may  bring  about  gastric  digestion  whenever  the  reaction  of  the 
surrounding  intestinal  contents  is  favorable.      This  fact  may  be  of 
importance  in  connection  with  the  profound  proteolysis  taking  place 
in  the  intestine.    Heretofore,  this  process  was  believed  to  be  furthered 
alone  by  trypsin  and  erepsin.     The  passage  of  adsorbed  pepsin  into  the 
intestine  may  be  an  efficient  aid  to  the  proper  digestion  of  solid  protons 

>  Ncubauer  and  Fisclier:  Deul.  Arch.  J.  klin.  ited.,  97,  499,  1909. 
■  Abderhalden  and  Meyer;  Zcit.  jUr  physhl.  Chcm.,  74,  67,  191 :. 
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vfaich  are  ingested  without  sufficient  mastication  ("  bolted")'  and  which 
roQscqucntly,  at  times,  pass  into  the  intestine  in  rather  large  pieces 
[see  Chapter  XIV  on  Feces). 

Gastric  rennin,  the  second  enzyme  of  the  gastric  juice,  is  what  is 
known  as  a  miik  curdling  or  frotrin  congulating  enzyme.     Rennin  acl» 
upon  the  casein  of  the  milk,  splitting  it  into  a  peptone-like  body  and 
totubit  paracasein.    This  soluble    body,  in  the  presence  of  calcium 
salts,  combines  with  calcium,    forming   calcium  paracasein  which  is 
insoluble   and   predpitale«.    There  is  some  uncertainty  regarding 
the  reaction  to  litmus  in  which  gastric  rennin  shows  the  greatest 
activity.     It  is,  however,  said  to  be  active  in  neutral,  alkaline,  or  acid 
solution.     However,  it  probably  possesses  its  greatest  activity  in  the 
presence  of  a  slight  acid  reaction,  as  would  naturally  be  expected.    It 
b  especially  abundant  in  the  gastric  mucosa  of  the  calf,  and  is  used 
to  curdle  Uie  milk  used  in  cheese  making.     Gastric  rennin  is  always 
present  normally  in  the  gastric  juice,  but  in  certain  pathological  con- 
ditions such  as  atrophy  of  the  mucosa,  chronic  catarrh  of  the  stomach, 
jrin  carcinoma  it  may  be  absent. 

B  The  theory  that  the  proteolytic  activity  and  the  milk  curdling  prop- 
(rty  of  the  gastric  juice  reside  in  a  single  substance  is  causing  much 
controversy  at  the  present  lime.  The  theory  was  originally  advanced 
by  the  Pawlow  school.'  According  to  Nencki  and  Sieber,*  the  milk 
CQidling  and  protein  hydrolyzing  activities  reside  in  definite  and  distinct 
ade  cJutios  of  a  single  mammoth  molecule.  The  view  which  has  rather 
Ae  strongest  support,  however,  is  to  the  effect  that  there  are  two  entirely 
&linct  enzymes.  Important  e\'idence  has  been  advanced  in  favor  of 
ftbview  by  Hammarsten,*  Taylor,*  and  Hemmcter."  Burgc'  has  rc- 
poned  experiments  upon  the  influence  of  a  direct  electric  current  upon 
sdutions  possessing  typical  rennin  and  peptic  activities.  By  this 
Doos  be  was  able  to  prepare  a  solution  possessing  strong  rennin 
■clivity  but  entirely  devoid  of  peptic  activity.  This  furnishes  strong 
gainst  the  identity  of  the  two  enzymes  but  does  not  neces- 
ly  deny  the  accuracy  of  the  side-chain  theorj-. 
GaUric  lipase,  the  tliird  enzyme  of  the  gastric  juice,  is  a  fat-splitting 
It  possesses  but  slight  activity  when  the  gastric  juice  is  of 
umal  addity,  but  evinces  its  action  principally  at  such  times  as  a 

'PtUuaiul  Ha<r!(:  Precetdinii  of  Hu  Ei%hth  International  Congrtts  vf  AfptM  Chtm- 
■%!lw  Yotk,  September.  1911. 
'?MrLawaQd  Partuticbuk:  ZrUtchri/l  fUr  Physiohtisthi  Chepiit,  ^i, ^\S,  1904. 

XwcliuidSkbfr:  ZtUichri}! fur PhysioIoiiicheCheTiiU,  ij,  191,  ii/ot. 

mmnunten:  Zrihdrifs/lir Piy!iologii(JUCk/fmU,  j6,  18,  iQC^:  g4, 191,  iQiS- 
iJiylor:  J«mnt^  nf  Bietog^nl  CktnUtry,  S-  309.  iw;- 

Hountttr:  BtHiurr  hliniKkt  Wvektnsckri}!,  twild  FcaUumfflcr,  44.  igoj- 

°vse:  Amtritan  /ournat 0/ Pkyiiohfy,  >y,  tgti. 
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gastric  juice  of  low  acidity  is  secreted  either  from  physiological  or  patho-  I 
logical  cause.    Ilic  digestion  of  fat  in  the  stomach  is,  however,  it 
most,  of  but  flight  importimce  ns  compared  with  the  digestion  of  fat  in 
the  intestine  through  the  action  of  the  lipaw  of  the  pancreatic  juic« 
(see  page  i8S).  ■ 

BoldyrefT'  has  shown  trypsin  to  be  present  in  stomach  contents,  difl 
to  regurgitation  of  intestinal  contents  through  the  pylorus.  This  claifl 
has  been  verified  by  others*  (see  Chapter  Vlllon  tlastricVnalysis). 

PREPARATION  OF  AN  ARTIFICIAL  GASTRIC  JUICE      I 

Dissect  the  mucous  membrane  of  a  pig's  stomach  froim  the  muscuUr  portioE 
and  discard  the  latter.  Divide  the  mucous  membraae  loto  two  parts  [4  s  ^ 
t/S).  Cut  up  the  larger  portion,  place  it  in  a  large-sized  beaker  with  0.4  per  cenl 
hTdtochloric  acid  and  keep  at  38°  4o''C.  for  at  least  34  hours.  Filter  oS  tht 
residue,  consistins  of  nucleia  and  other  substances,  and  use  the  filtrate  u 
an  artificial  gastric  juice.  This  filtrate  contaioc  pepsin,  rennin,  and  the  prod- 
ucts of  the  digestion  of  the  stomach  tissue,  i.e.,  add  metapioteiQ  lacid 
mjmite),  proteoses,  peploneG,  etc. 

•         Preparation  of  a  Glycerol  ExTRAt-r  ok  Pic's  Stomach 

Take  the  one-fifth  portion  of  the  mucous  membraoe  of  the  pig's  slomach  I 
used  in  the  preparation  of  the  artificial  gastric  juice,  cut  it  up  very  finely,  pltc*it 
in  a  small-sized  beaker  and  cover  the  membrane  with  glycerol.  Stir  freqtientlj 
and  allow  to  stand  at  room  temperature  for  at  least  24  hours.  The  glycerol  «nH 
extract  the  pepsinogen.  Separate,  with  a  pipette  or  by  other  means,  the  nJycetoI 
from  the  pieces  of  mucous  membrane  and  use  the  glycerol  exUacI  as  re<quircd  iii_ 
the  later  experiments. 

Products  of  Gastric  Digestion 

Into  the  artificial  gastric  juice,  prepared  as  above  described,  place  the  ] 
material  (fibrin,  coagulated  egg'White,  or  lean  beef>  provided  for  you  by  (at 
instructor,  add  0.4  per  cent  hydrochloric  acid  as  suggested  by  the  instructof  aad 
keep  the  digestion  mixture  at  4o°C.  for  two  to  three  days.  Stir  fr equeady  fsd 
keep  free  hydrochloric  add  present  in  the  solution  (for  tests  for  fn«  hydte- 
chloric  acid  see  page  152). 

The  original  protein  has  been  digested  and  the  solution  now  contains  the 
products  of  peptic  proteolysis,  i.e.,  add  melaprotein  (acid  albuminate),  proteose*, 
peptones,  etc.  The  insoluble  residue  may  include  noclein  and  other  nibstancce. 
Filter  the  digestion  mixture  and  after  testing  for  free  hydrochloric  acid  nnittaEie 
the  filtrate  with  potassium  hydroxide  solution.  If  any  of  the  acid  metapa«teb 
(add  albuminate!  is  still  untransformed  into  proteoses  it  will  precipitate  Vffn 
neutralization.  If  any  predpitate  forms  heat  the  mixture  to  boUlDg,  and 
If  no  predpitate  forms  proceed  without  filtering. 

'  Iloldyrcfi:  Quart.  Jour.  Exper.  Physiol.,  8,  t.  1914. 

'Spencer,  Meyer,  RehfuM  aiid  Kawkr  Am.  Jour.  PkytUI,  39,  459,  1916. 
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We  now  have  a  solation  cantainiitg  a  mixtiue  consistiag  prindpitUy  of  proteo- 
tttgnd  peptones.  Separate  aod  identify  the  proteoses  and  peptones  according 
to  ihe  directions  given  on  pages  119  and  ilo. 


GENERAL  EXPERIMENTS  ON  GASTRIC  DIGESTION 

r.  Conditions  Essential  for  the  Action  of  Pepsin.  —Prepare  four  test-tabes  as 
foltaws: 

(a)  Five  cc.  of  pepsin  solution. 

»(b)  Five  cc-  of  0.4  per  cent  hydrochloric  acid. 
(c)  Five  cc.  of  pepsin -hydrochloric  acid  solution. 

'4)  Two  or  3  cc.  of  pepsin  solution  and  3-j  cc  of  0.5  per  cent  sodium  car- 
bonate soludon. 

Introduce  into  each  tube  a  small  piece  of  fibrin  and  place  them  in  theincu- 
tntor  or  water -bath  at  40°C.  for  one-half  hour,  carefully  noting  any  changes  which 
actar.'  ^Carmine -fibrin  may  be  used  to  advantage  in  this  and  the  following  tests 
imdw  Gastric  Digestion.  In  this  case,  however,  the  experiments  should  be  con- 
dacled  at  room  temperature.  For  directions  as  to  the  preparation  of  carmine- 
Sbtio  see  Chapter  I.l  Now  combine  the  contents  of  tubes  (a)  and  (b)  and 
tte  If  any  further  change  occurs  after  standing  at  ^o'C  for  15-10  minutes.  Ex- 
pUio  Oic  results  obtained  from  these  five  experiments. 

1.  Influence  of  Different  Temperatures.— In  each  of  four  test-tubes  place  s 
u.  of  pepsin-hydrochloric  acid  solution-  Immerse  one  tube  in  cold  water  from 
Qit  faucet,  keep  a  second  tube  at  room  temperature  and  place  a  third  in  the 
ioctbitor  (yr  water-bath  at  4o''C.  Boil  the  contents  of  the  fourth  tube  for  a  few 
iMBwnW,  then  cool  and  also  keep  it  at  40 ^C.  Into  each  tube  introduce  a  small 
pim  of  fibrin  and  note  the  progress  of  digestion.  In  which  tube  does  the  most 
njid  digestion  occur?     Explain  this. 

J.  The  Most  Favorable  Acidity.  -Prepare  three  tubes  as  follows : 

{%)  Five  cc  of  o-a  per  cent  pepsin-hydrochloric  acid  solution. 

(b)  Two  or  3  cc.  of  0.1  per  cent  hydrochloric  acid  +  1  cc  of  concentrated 
liyilfochloric  add  +  5  c-c.  pepsin  solution. 

ic.  One  cc.  of  o.z  per  cent  pepsin -by  drocbiorlc  acid  solution  +  5  cc  of 
•Uer. 

Introduce  a  small  piece  of  fibrin  into  each  tube,  keep  them  at  40''C-,  and  note 
Uh  progress  of  digestion.  In  which  degree  of  acidity  does  the  fibrin  digest  the 
nan  rapidly? 

4-  Differentia tioa  between  Pepsin  and  Pepsinogen. — Prepare  five  tubes  as 
(oDovrs: 

ia)  Pew  drops  of  gljrcerol  extract  of  pepsinogen  +  3-3  cc  of  water. 

(b)  Few  drops  of  glycerol  extract  of  pepsinogen  +  5  cc  of  o.i  per  cent  hydro- 
(Uoric  add- 

tcj  Few  drops  of  glycerol  extract  of  pepsinogen  +  s  c-c  of  0.5  per  cent  sodium 
tttbonate. 

*  IMgcMioa  <i(  fibrin  in  a  pepsIti-hviiriHihti^tic  acid  solution  h  indicated  tit»t  by  a  SKcliini 
tt  tbe  ptolein  due  to  tlie  action  i>i  tni-  urM,  nnd  Intrr  by  a  diiiHUiralivn  *nd  autnlvint  of 
tbefibrin  ihit  to  (he  action  of  tbr  pcpsiiL-liyiiruclilurit  ucid.  If  uncFrtiiin  al  any  lime 
whetW  digestion  hi*  taken  pkcp,  tV  loluiion  undcrejuminalionmny  be  filtered  ami  the 
Mnret  tcM  applied  la  the  liltratc.  A  |i<ihili\'e  lenilion  will  signify  the  [irrwncc  of  «cid 
Mtaproirin  (acid  Dlbutninatcj.  prut(-<jM'?  iulb(im<)»i>i.  or  pcpiunei,  tlie  prcieoce  of  any 

im  whidi  would  indicate  that  digeilion  b»  taken  place. 
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(d)  Two  or  3  cc  of  pepsin  soludoo  +  a-3  cc  of  i  per  cent  sodium  carbooBt*. 

(t)  Few  drops  of  ^jcerol  iMtr«cl  of  pepsinogen  +  5  cc.  of  1  per  cent  sodiua 
caibonate. 

Add  «  nMll  piece  of  fibrin  to  the  contents  of  each  tobe,  keep  the  five  tubes  at 
40°C.  for  one-hAtf  hour  and  observe  any  chances  which  may  have  occurred.  To 
(a)  add  an  equal  volume  of  0.4  per  cent  hydrochloric  add,  neutralize  (c),  (d)  and 
(e)  with  hydrochloric  Hcid  and  add  an  ei)ual  volume  of  o^  per  cent  hydrochloric 
add.  Place  these  tubes  at  40°C.  again  and  note  any  further  changes  which  may 
occur.  What  contrast  do  we  find  in  the  results  from  the  last  three  lubea? 
On  the  basis  of  these  tests  what  is  the  relative  re«istanc«  of  pepsin  and  pepsiiwctn 
to  alkalis? 

5.  Comparative  Digestive  Power  of  Pepsin  with  Different  Adds.  —Prepare  ■ 
series  of  tabes  each  containing  a  N/io  solution  of  one  of  the  following  addi: 
hydrochloric,  sulphuric,  nitric,  combtDcd  hydrochloric  acetk,  lactic  and  oxalic 
To  each  add  add  a  few  drops  of  the  glycerol  extract  of  pig's  stomach  and  a  snull 
piece  of  fibrin.  Shake  well,  plnce  at  40T-,  and  note  the  progress  of  digestion. 
In  which  tubes  does  the  most  rapid  digestion  occur? 

6.  Influence  of  Metallic  Salts,  etc. — I'tcparc  a  Miies  of  tubes  and  into  eadi 
tube  introduce  4  e.c.  of  pqisin-hydrochloric  add  solution  and  H  c-c  of  one  of  the 
chemicals  listed  in  Experiment  18  under  Sulivar)-  Digestion,  page6t.  Inlrodiioea 
small  picccof  fibrin  into  each  of  the  tubes  and  kc^  them  at  4o''C.  for  one-half  hour. 
Note  the  variations  in  the  progress  of  digestion.  Where  has  the  least  rapid  dife*- 
tioD  occurred? 

7.  SahU's  Desmoid  Reaction.-  -This  is  a  method  for  testing  gastric  functioii 
wldiout  using  the  stonutcb  tube.  The  underlying  principle  of  the  test  is  the  ttet 
that  raw  cagtut  may  be  dlgeated  in  gastric  Juice  but  is  entirely  indigestible  in 
pancreatic  juice.  The  test  is  made  as  follows ;  A  methylene-blue  pill  is  intro- 
duced into  a  small  rubber  bag  and  the  mouth  of  the  bag  subsequently  tied  wift 
catgut.'  The  small  bag  is  then  ingested  immediately  after  the  mid-day  meal  and 
the  urine  examined  5, 7,  q  and  18-30  hours  later  for  methylene  blue.  If  methyl- 
ene blue  is  present  in  appreciable  quantity,  it  will  impart  to  the  urine  a  greenieh* 
bine  color.  If  not  present  in  sufficient  amount  to  impart  this  color  the  urine  should 
be  boiled  with  one-Sfth  its  volume  of  glacial  acetic  add,  whereupon  a  greenidi- 
blae  color  results  if  the  chromogen  of  methylene  blue  is  present.  This  coolio- 
gency  seldom  arises,  however,  insRiiuch  as  in  most  cases  oi  uncolored  urine  it  will 
be  found  thiit  the  rubber  bag  has  passed  through  the  stomach  unopened.  If  tb< 
methylene  blue  is  found  in  the  urine  inade  of  i8-ao  hours  a  satisfactory  gastric 
function  is  indicated. 

For  Einhom's  bead  method  for  the  study  of  digestive  function  see  chapter  on 
Feces. 

8.  Testing  the  Motor  and  Functional  Activities  of  the  Stomach.— Tliis 
test  is  performed  ibc  same  as  Experiment  19  under  Salivary  Digestion,  page  61. 
If  the  experiment  wiis  carrieil  <iut  under  siilivary  digestion  it  will  not  be  uecc»- 
sary  to  repeat  it  here. 

'  About  0.05  gnm  o!  methylene  blue  h  mixed  with  sufficient  exi.  [lyeyrrtitg  10  form 
a  pill  about  j-4  mm.  in  dinmelcr.  The  pill  i»  ihon  placed  in  the  center  of  a  Mjusrr 
piece  o!  thin  lubWi  dam  and  a  little  baf;-like  reciiptacle  constructed  by  a  tiri«ti<>S 
movement.  The  neck  al  the  bag  ti  then  cloned  by  wrapping  three  turnit  of  catgut  about 
it.  Tbe  moti  ■atisfactory  catgut  to  u<lc  i»  Humhiir  00  ra»  (ofrni  whirh  luu  prei-iously 
been  looked  in  water  until  soft.  When  n-ady  (or  use  tbe  bag  toould  link  Insiantl)'  wha 
placed  in  water  and  be  water-tight. 
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9.  bflaence  (rf  Bile. — ^Prepare  thiee  tubes  as  follows ; 

(a)  Ffre  cc  of  pepsin-hydrochloric  add  solutloa  +  i/a-i  cc  of  bile. 

(b)  Iiw9  cc  of  pepsin-bydiocbloric  add  solution  +  5  cc  of  bile. 

(c)  Five  cc  of  pepsin-hydrochloiic  add  solution. 

Introduce  into  each  tube  a  small  piece  of  fibrin.  Keep  the  tubes 
at  40°C.  and  note  the  progress  of  digestion.  Does  the  bile  exert  any 
appreciable  influence?    How? 

10.  Influence  of  Gastric  Rennin  on  Milk.— Prepoie  a  series  of  fire  tabes  as 
foIlowB: 

(a)  Five  cc.  of  fresh  milk  +  o.a  per  cent  hydrochloric  add  (add  slowly  until 
^vdpitate  forms). 

(b)  Fire  cc  of  fresh  milk  +  5  drops  of  remiin  solution. ' 

(c)  Rre  cc  of  firesh  milk  +  10  drops  of  0.5  per  cent  sodium  carbonate  solu- 
tion. 

(d)  Fire  cc  of  tresh  milk  +  to  drops  of  a  saturated  solution  of  ammonium 
oxalate. 

(e)  Five  cc  of  fresh  milk  +  5  drops  of  o.a  per  cent  hydrochloric  add.  Now  to 
each  of  the  tubes  (c),  (d),  and  (e)  add  5  drops  of  rennin  solution.  Place  the  whole 
series  of  fire  tubes  at4o°C.and  after  lo-isminutesnotewhatis  occurring  in  the 
different  tubes.  Give  a  reason  for  each  particular  result.  How  do  ammonium 
(nalate  and  sodium  carbonate  prevent  coagulation? 

'  Any  good  commercial  rennin  or  rennet  preparation  may  be  used  in  preparing  this 
sdutioa. 


CHAPTER  VIII 

GASTRIC  ANALYSIS 

The  method  of  gastric  analysis  which  has  been  in  vogue  cUnlca 
for  years  (see  page  174)  entails  the  feeding  of  a  standard  test  me 
the  removal  of  the  complete  stomach  contents  at  the  end  of  a  « 
hour  period,  and  the  analysis  of  the  materia]  so  removed.  That  ti 
method  is  inaccurate  has  been  repeatedly  demonstrated  in  the  autho 
laboratory'  and  elsewhere.'  Furthermore,  owing  to  the  bulk  of  t 
old  form  of  stomach  tube  and  the  discomfort  occasioned  by  its  use, 
is  impossible  to  follow  the  whole  cycle  of  digestion  and  estimate,  st 
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Fig.  41.— Normal  asd  Pathological  Curves  atier  an  Ewald  Mbal. 

1.  normal  curve;  !  delaj^'ed  digestion  with  late  hyperacidity,  3,  larval  hyperacidit) 
4,  tardive  hyperacidity;  5,  marked  continued  secretion  from  obstruction. 

by  step,  the  exact  changes  which  take  place  in  the  stomach  after  t 
introduction  of  definite  food  mixtures  into  that  organ. 

Realizing  the  inadequacy  of  the  procedure  entailed  in  the  0 
method  of  gastric  analysis,  a  new  procedure  has  been  developed  by  E 
Martin  E.  Rehfuss  in  the  author's  laboratory.  This  so-called  "Fra 
tional  Method"  entails  the  analysis  of  samples  of  material  withdraw 
from  the  stomach  {by  syringe)  at  short  intervals  for  a  period  of  it 
hours  or  more  (until  stomach  is  empty)  after  the  ingestion  of  the  t( 
meal.     By  this  means  the  observer  is  able  to  follow  the  entire  cycle 

'  Rehtuss:  Jour.  Am.  Med.  ,ljj'n,  64,  s&g,  1514. 

Rchtuss,  Bergeim  and  Hawk:  Jaur.  Am.  Med.  Asi'n,  63.  t>og,  1914. 

BerKeim,  Rehfuss  and  Hawk;  Jour.  Am.  Med.  Asi'n,  63,  ii,  1914. 
•  Harmer  and  Dodd;  Arrh.  Int.  Med.,  Xov.  13,  1913,  p.  488. 
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^'itric  digestion  and  h  not  limited,  as  in  the  old  method,  to  information 
iaiwi  Iroin  the  analysis  of  a  single  sample  of  stomach  contents  with* 
ilnicB  at  the  end  of  one  hour.  'Iliat  the  acid  valuct  obtained  by  the 
old  method  may  be  grossly  misinterpreted  :ind  lead  to  an  incorrect 
diaicnosis  is  indicated  by  the  foregoing  diagram  (Fig.  41): 

It  is  set  forth  in  the  above  diagram  that  various  types  of  abnormal 
gastric  secretion  would  be  considered  normal  on  the  basis  of  a  single 
aanuoatioa  at  tlie  end  of  one  hour  whereas  the  application  of  the 
frtctiuuU  mtiliod  reveals  the  abnormality  of  the  secretion  and  enables 
« rajiid  and  correct  diagnosis.  The  removal  of  samples  of  gastric 
ooDtents  at  short  intervals,  for  a  period  ot  two  hours  or  more  after  a 
l«t  nKMl,  is  made  possible  by  the  use  of  a  modified  stomach  tube'  of 
small  diameter  (N'o.  12  French  tubing)  and  fitted  with  a  metal  tip. 


Flo.  4».— Rehfvss  Siouach  Ti-be. 


"VtA  tip  is  slotted  with  large  perforations,  the  diameter  of  each  being 
etfiivalent  to  the  maximum  bore  of  the  tubing.  Sucli  a  tube  can  be 
Wtin  the  stomach  through  the  entire  cycle  of  gastric  digestion  without 

Iincoovtnicncc  to  the  patient.'  A  cut  of  tlie  Rchfuss  stomach  tube 
(fig.  41)  is  shown  above.* 
Tie  idea  of  making  a  Jradional  examination  of  gastric  contents  is 
not  new.  Most  of  such  attempts  have  been  made,  however,  by  using 
tilt  old  tj-pc  of  stomach  tube  and  rcmo\ing  the  eniire  stomach  conlenis 
It  different  intervals  on  successive  days,  e.g.,  after  fifteen  minutes  the 
^  day,  thirty  minutes  the  second  day,  forty-five  minutes  the  third 
^^y,  etc    Hayem*  was  the  lirst  to  employ  this  method  and  later 

^M    'Bd)[«M:  Am.  Jout.  Ur4  .if-i.,  Judc,  1914. 

H     'UcClcndonliaB  t«c«r[itl)'  ju^jctratcdiliciniroduclionof  ttncltttrodf  Into  Ibc  (tomnch  In 
^•^  UUnpt  to  foflow  xh<  coOKcuUve  chanKCi  in  llie  hydiojjicii  ion  concmmtloa  of  Ui« 
"onuch  COD  lent*  (net  An.  Jauf.  Phyiiol .  tS.  iSo.  1015). 
'TUa  tul)«  b  iDAnufacturecl  by  Charles  Lcnix  &  Son»,  PhiUilflphia. 
K     'lliyem:  Brouatdel  ft  Gilbert'*,  Traiit  it  Mtdttinc,  4, 136, 190$, 
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EwaM  and  Itoas,'  Reichnunn,'  v.  Jaksch,'  Komemann,*  Schu!^ 
Oregersen*  followed  a  similar  procedure.  The  first  report  of  tlatJ 
the  entire  gastric  cj'de  obtained  by  means  of  a.  small  bore  tabq 
made  by  Ehrenrcich.'  This  investigator  used  a  Nflaton  cat]| 
Skaller*  has  reported  a  few  experiments  in  which  a  small  bore  sto^ 
tube  with  a  metal  tip  was  employed  sad  the  stomach  coit 
subjected  to  fractional  analysis. 

Until  recent  years,  the  concensus  of  opinion  based  prindpatly  i 
the  work  of  the  Pawlow  scliool'  was  to  the  effect  that  the  gastrici 
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F  C.  tj-— Imfluesce  or  Acid  iNrRODucEo  iNro  tke  Nobmal  Hduak  StoiU 
(.Sptnctr,  iftyer,  Rthffit  and  Oauik:  Amfficiin  Janrnat  of  Physhhgy,  itatck,  i^ 

of  normal  man  had  an  average  acid  concentration  of  o.3  peffj 
hydrochloric  acid,  whereas  the  gastric  juice  of  the  dog  and  cat  h^ 
average   acid   concentration    of  0.4-0.5  per  cent  hydrochloric 
These  experiments  were  based  principally  upon  the  cxarainatit 
the  pure  gastric  juice  of  the  lower  animals  as  compared  with  the  stot 

>  Ewald  &  Boat:  Virthev't  Atck.,  loi,  315,  1S85. 
'  Rtichmann:  Xtii.}.  Um.  Hid.,  14,  5OJ,  1S85. 

•  V.  JiUsch:  Ztit.  j.  klin.  Mrd..  10,  383.  i8go. 

•  Kornemann:  Aich,  f.  Verdauunsskr.,  p.  3O9,  1911. 
•Schulc;  Zcil.f.  klin.  Atfd..  37,  461,  1895. 
•Greittncn:  Arch.  f.  Vtrdauunglkr.,  19,  »6j,  1913. 

•  Ehrenrcich:  Zeit.f.  kiiii.  Mrd,,p.  Jji.  igt*. 
•sutler:  Hf'l,  Win-  Wofh..  jo,  No.  47.  1913. 
'P»v,low;  rAtWvrko/lhtliiialitiCLinds.    Tr»nsl«tciib>-TI»ii>ps«l,StOoiKll 

1910. 
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contents  of  maa.  Later  experiments'  have,  however,  demonstrated 
that  the  add  concentratiou  of  xhtjreshly  secreled  gastric  juice  of  man 
U  similar  to  that  of  the  dog,  i.e.,  0.4-0.5  per  cent.  Bojdyre^  claims 
thit  this  initial  high  acidity  of  the  human  gastric  juice  is  normally 
Iwmd  to  the  "optimum  acidity"  of  0.15-0.2  per  cent  hydrochloric 
add  by  regurgitalion  of  alkaline  fluids  (bile,  pancreatic  and  intestinal 
jiiicts)  from  the  intestine.  This  claim  has  been  substantiated  by 
experiments  made  in  the  author's  laboratory*  and  elsewhere.*  Both 
bile  jad  trj-psin  arc  easily  identified  in  the  stomach  contents  of  man 
after  the  introduction  of  0.5  per  cent  hydrochloric  add  into  the  empty 
orgin.  The  above  points  arc  illustrated  by  the  chart  shown  in  Fig. 
43,  page  150.* 

The  composition  of  human  gastric  juice  and  of  the  residuum  (see 
page  160)  is  given  in  the  following  table: 


COMPOSITION  OF  HUMAN  GASTRIC  JUICE. 

1                   Cofutitumt                              Appetite  Juice' 

ReaJduum* 

F"~               — ™ 

I^Spteifie  Brevity 

f.007 

1.006 

-o.Js 

-0.47 

0-45 

0.30 

J            •                                     Per  100  c.c.  of  Juice 

fToui  wlidt.  Rtsm 

o-H 

0.9S' 

0.4t 

O.S3' 

0.14 

•■45* 

a.060 

0.066' 

0.005' 

0.007' 

-     — ^ — ' — ^ — - — • — ^— ' ■" — 

C.0M-3 

».  003-9 

«.s 

*  Bibkin:  Dit  AuMert  Sekriiiim  der  VerdauungsdrtijeH,  Berlin,  1914. 

BeldyteS:  Tran»»clions  of  iilh  Coniftnt  of  Physicians,  St,  Peterjburg.  1909. 

BoUyreS:  Quart.  Jnur.  Eifi.  ittd.,  8,  t,  1914. 

CtilaoB:  Am.  /mv.  PMyHd.,  jS,  148,  1915. 

Beiscim,  Rahfiw  tt  Hawk:  Jour.  Biol.  C'ikm..  iq,  34;,  1914. 
*Sptboa,  Meyer.  RehfuM  and  Unwk:  Am.  Jour.  Physiol.,  39,  459, 1916. 
■llitti:  Din..  St.  Pcierabitn,  1909. 

Mifasorov:  Z*iri.  Fkysitl.,  »$,  fiij,  1914, 

ZaitieS:  Rutsky  I'mth.,  14,  No.  39, 1913. 

*  Spcttcct  ct  aX:  Aoc  tit. 
'CuIiod:  J.ec.  cU. 

*  Fowler.  Rtlifu»»  •nd  H»wk :  lot.  eU, 
'Fowler  tt  Buchaiun:  Unpublith«d. 
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The  Use  of  Indicators  in  Determining  the  Reaction  of  Gasok 
Juice  and  Other  Fluids 

The  reaction  of  the  gastric  jiiice  and  other  body  fluids  is  mas 
readily  tested  by  means  of  indicators,  so-called  because  they  ^ 
changes  of  color  with  differing  degrees  of  acidity  or  alkalinity  of  tb 
solution.  They  behave  as  though  they  were  weak  adds  of  bases  lAa 
ions  and  unionized  molecules  have  different  colors.  Modem  theon 
of  color  in  organic  compounds  however  class  them  as  tautomei 
substances. 

A  neutral  solution  is  one  in  which  there  are  equal  numbers  of  b 
drogen  and  hydroxyl  ions.  An  add  solution  has  a  preponderance 
hydrogen  ion  and  an  alkaline  solution  an  excess  of  hydroxyl  ion.  ; 
indicators  do  not  show  changes  of  color  at  the  true  neutral  point,  b 
at  some  fixed  degree  of  addity  (or  alkalinity),  i.e.,  at  a  definite  hydrog 
or  hydroxyl  ion  concentration.  Indicators  which  change  color  at  t 
approximate  true  neutral  point  are  litmus  and  rosolic  add,  white  [dien 
phthalein  changes  color  in  a  slightly  alkaline  solution.  Congo  n 
sodium  alizarin  sulphonate  and  tropieolin  00  are  examples  of  indicate 
which  change  color  in  an  add  solution. 

Organic  acids  in  general  are  not  su£dently  strong;  i.e.,  do  not  d 
sociate  with  the  production  of  enough  hydrogen  ion  to  cause  co 
changes  in  dilute  solution  with  indicators  of  the  last-mentioned  da 
Litmus,  rosolic  add  and  phenolphthalein,  however,  change  at 
low  a  hydrogen  ion  concentration  that  they  are  affected  by  dih 
solutions  of  organic  adds  and  may  be  used  for  their  titration.  £v 
very  dilute  solutions  of  mineral  adds  are  suffidently  add  to  prodn 
color  changes  with  Congo  red,  alizarin,  etc.,  and  hence  these  indicatt 
may  be  used  in  the  titration  of  mineral  add.  Phenolphthalein  irtn 
changes  color  in  a  weakly  alkaline  solution  indicates  the  presence  of  u 
combined  with  weakly  alkaline  substances  (as  protdn)  as  well  as  ott 
types  of  acid  such  as  acid  salts,  and  hence,  is  used  in  the  titration 
solutions  for  their  total  acidity. 

The  hydrogen  ion  concentration  of  pufe  water  or  a  neutral  soluti 
is  approximately  i  X  io~^,  being  expressed  as  approximate  motes 
hydrogen  ion  per  liter.  That  is  water  is  a  1/10,000,000  N  solution 
hydrogen  ions.  The  concentration  of  hydroxyl  ions  in  pure  water  Oi 
neutral  solution  is  exactly  equal  to  that  of  the  hydrogen  ions,  so  tt 
water  may  be  considered  to  be  an  N/io,ooo,ooo  alkali  as  well  as 
N/ro,ooo,ooo  acid.  Hydrogen  ion  concentrations  are  often  1 
pressed  for  the  sake  of  brevity  as  their  logarithms  with  the  sign 
versed.     For  example  the  logarithm  of  i  X 10*"^  would  be  -7.0  a 


GASTRIC   ANALYSIS 


153 


[jowniing  to  this  Dotutioa  the  H  iuii  conceiil  ration  would  be  expressed 
|:iiPB=7.o,  Tlie  product  of  the  hydrogen  ion  concentration  (H*) 
:  by  the  hydroxy!  ion  concentration  (OH")  is  constant  at  about  iXio"** 
[h  that   as    (H*)    increases    from    i  X  io~'    (Ph  =  7.0)    to    i  X  io~* 

ffH°4o)  ^^  (0H~)  falls  to  iXio"'",  and  vice  versa.  It  must  be 
I  bomein  mind  that  higher  figures  for  the  logarithmic  notation  indicate 
•lower  figures  for  (H*).     Tlie  hydrogen  ion  concentrations  at  which 

ceiiain  indicators  commonly  used  in  titration  work  change  color,  are 

indicated  below. 


tndicator 


Hydrogen  ion  cnacvnUatiiw 


fbtDDlDhlbjJcin 
.NncnJ  fed .    . 


. .  Between  ■Xio'^uid  iX>a'*.  . 

..1X10-'    

XmoHc  idd  .     .1X10"' - 

Ltom*... .  Between  iXio"*»nd  iXio"*.. 

Saditunaliaiin  ■ulphonntv  ,   Betuccn  iXio~'ftnd  lXtO~* 

Ctegattd .   Between  iXio-»»nd  iXio"" 

OiacthjI-uiuDu-awbcDjwnG Betwcea  tXto"*  knd  iXto"'. . 

H«bi|lonnsc  6«twe«n  iXio~*«nd  iXio'' 

Ttwiolin  00 1X10-'    


True  nature 
of  solutioD 
when  the 

color  changM 

.  .UkiUne. 

.  Neutral. 

.  NeutraL 

.  Xcutrd. 
Add. 

.  AcU. 

.  Acid. 

.  Add. 

.  Acid. 


Ttsts  with  Indicators.— Prepare  a  series  of  solutions  of  varyine  addities  as 
vodiiied  in  the  foUowin^  table,  page  154.  Introduce  5  or  10  c.c.  portions  of  each 
ofTbcse  into  a  series  of  test-tubes  and  add  to  each  a  few  drops  of  a  solution  of 
Tiopmlin  00.  Make  a  note  of  the  colors  produced,  in  the  spaces  left  for  this 
pirpose-  In  the  same  way  test  out  the  other  indicators  mentioned,  in  order, 
<uiag  in  each  case  a  tew  drops  of  the  indicator  solution.  The  tests  using  the  last 
tlue*  mentioned  indicators :  Giiiuberg's,  Boas'  and  Tropawlin  (evaporation 
,      Kcl)  arc  carried  out  differently  as  indicated  on  page  155. 

Are  the  following  assumptions  on  which  the  use  of  certain  of  these 
^iiuiicators  in  gastric  analysis  is  based  borne  out  by  your  findings: 
H     '■  That  Topfer's  reagent  (Dimcthyl-amino-azo-bcnzcne)  gives  its 
B  duiiacteristic  pinkish-red  color  only  in  the  presence  of  free  HCI. 

1.  That  a  blue  color  with  Congo  red  indicates  free  hydrochloric  (or 
rodier  mineral  acid),  a  violet  color  indicates  an  organic  acid,  and  a  brown 
^tolor  indicates  combined  hydrochloric  acid. 

3.  That  TropKolin  00  and  methyl  orange  are  indicators  for  free 

■intneral  acid. 
4.  That  alizarin  reacts  to  free  mineral  acid,  organic  acids  and  add 
ialtsbut  not  to  combined  HCI. 

5.  That  phenolphlhalein  can  be  used  in  titrating  total  acidity,  that 
>St  acidity  due  to  mineral  and  organic  adds,  acid  salts  and  combined 
add. 

6.  That  iodine  is  liberated  from  K.I~KIOi  to  a  relatively  slight  ex- 
ttU  by  other  than  free  mineral  acid. 
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;.  That  Giinzberg's  test  is  the  most  satisfactory  one  for  free  HC! 
and  that  Boas'  reagent  and  Tropa:oiin  00  are  also  delicate  reagents  for 
free  mineral  add. 

SpccUl  Tests  for  Free  HCt.— Perform  th«  following  tests  on  the  solutions  as 
mdined  on  page  154  and  tabulate  the  results. 

l.Gfinzberg's  Reagent. '^PUce  t-3  drops  of  the  reagent  in  a  scnaU  porcelain 

tripotating  dish  and  carefullf  evaporate  to  drj-ness  over  a  low  flame.     Insert 

a  ^lut  ttiritng  rod  into  the  mixtuie  to  be  tested  and  draw  the  moist  end  of  the 

'  rod  through  the  dried  reagent    Warm  again  gently  and  note  the  production  of  a 

puqillah-red  color  in  the  presence  of  free  hydrochloric  add. 

1.  Boas'  Reagent* — Perform  this  test  in  the  same  manner  as  1,  above. 
Fret  hydrochloric  acid  is  indicated  by  the  production  of  a  roee-red  coloir  which 
bMoines  less  pronotmced  on  cooling. 

3.  Tropasolin  0O,» 

NH  (C,H»)  -C,H,-N  -  N-CeM4-S0,Na. 

PUcc  1  drops  of  the  solution  to  be  tested  and  i  drop  of  the  indicator  in  an  evapo- 
ritiag  dish  and  evaporate  to  dryness  over  a  low  flame.    The  formation  of  a  red- 
ilitb-tiolet  color  indicates  free  hydrochloric  add. 
TUs  test  may  also  be  conducted  in  the  same  manner  as  1,  above. 


HiiiJROdKN  Ion  Concekthation  and  Titratable  Acidity 

The  acidity  of  a  solution  may  be  determined  in  two  different  ways 
I  hf  means  of  indicators.    One  method  is  by  titration  with  standard 
alkali  using  the  indicator  to  determine  the  end  point  of  the  titration. 
For  this  purpose  Uie  indicator  should  be  one  which  gives  a  sharp  color 
change  which  is  sensitive  to  the  form  of  addity  which  is  to  he  deter- 
mined, and  which  is  not  destroyed  by  any  substance  contained  in  the 
litration  mixture-    'ilius  phcnolphthalcin  can  be  used  for  the  titration 
of  strong  bases  and  nearly  all  weak  acids,  but  cannot  be  used  for  weak 
t>ase9,and  is  unsatisfactory  in  the  prcscnccof  ammonium  salts.     Methyl 
otangc  on  tlic  other  hand  is  useful  for  strong  acids  and  weak  bases  such 
AS  ammonia  and  for  the  soluble  carbonates  but  cannot  be  used  for  weak 
wdds  such  as  carbonic  add  or  the  organic  acids.     Almost  any  indicator 
"lay  be  used  in  the  titration  of  mineral  adds  against  strong  bases  such 
•«  KOH  inasmuch  as  under  these  conditions  i  drop  of  the  standard 
K>ludon  will  throw  the  hydrogen  ion  concentration  so  far  beyond  that  of 
Neutrality  that  the  turning  point  of  any  common  indicator  will  be 
Pa«ed. 

Tiuatioa  does  not,  however,  enable  us  to  determiQc  in  all  cases  the 

'  Gilubctg'*  reagent  it  prepared  by  dlssoMog  3  grams  of  pliloroKlucinoI  And  i  gnLin  of 
■"^nillift  in  100  cc.  of  OS  per  cent  alcohol. 

'  Boat'  [cageal  is  ptrpMtd  bx  diuolving  5  gnms  of  resorcinol  and  3  gmms  ot  lucroae  In 
'oot.c.of  so  per  cent  »kobol. 

'  heptrcd  by  distolvicg  0.05  gram  ot  troptt;oUn  00  in  too  c.C.  of  Jo  per  cent  alcohol. 
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true  acidity  of  a  solution,  that  is,  its  hydrogen  ion  concentration.  In  tfae 
case  of  strong  adds  and  bases  very  accurate  results  for  the  true  additf 
may  be  obtained  in  this  way.  In  the  case  of  weak  acids  or  bases  the 
titration  values  may  give  but  slight  information  as  to  the  true  acidity. 
Thus  in  the  case  of  a  slightly  dissociated  acid,  such  as  acetic  add,  as 
fast  as  the  acidity  due  to  its  dissociated  hydrogen  ions  is  neutralized 
the  undissodated  acid  ionizes  further  and  the  titration  value  finalijr 
obtained  represents  the  total  and  present  at  the  beginning  both  ioniied 
and  unionized.  Salts  of  strong  adds  and  very  weak  bases  and  nee 
versa  also  hydrolyze  during  the  course  of  the  titration  and  the  values 
obtained  in  no  sense  represent  the  true  addity. 

Hydrogen  ion  concentrations  may  be  determined  through  a  certun  . 
range  by  means  of  indicators.  The  unknown  solution  is  treated  with 
a  few  drops  of  indicator  and  the  color  obtained  compared  with  that 
produced  with  the  same  amount  of  in(Ucator  and  a  solution  of  known 
hydrogen  ion  concentration.  If  the  same  tint  is  produced  in  both 
cases  the  two  addities  are  the  same.  This  is  of  course  only  true  wiieii 
the  indicator  chosen  is  a  suitable  one,  that  is,  one  thm  shows  definite 
color  changes  in  hydrogen  ion  concentrations  in  the  neighborhood  of 
that  of  the  unknown.  The  choice  of  indicators  tor  this  purpose  a 
somewhat  different  than  that  for  titration  purposes.  For  use  in  the 
determination  of  the  hydrogen  ion  concentration  of  a  solution  we  need 
an  indicator  showing  a  very  gradual  change  in  color  through  a  pven 
range,  one  which  is  not  readily  affected  by  the  presence  of  neutral  salts 
or  other  substances  likely  to  be  present,  and  the  color  of  whidi  dow 
not  fade  too  rapidly.  The  ranges  through  which  a  number  of  indicate 
may  be  used  with  satisfactory  results  for  the  determination  of  hydrogen 
ion  concentrations  is  indicated  in  the  chart  (Fig.  44,  page  157).  Those 
surrounded  by  the  heavy  lines  are  the  most  satisfactory. 

The  chart  also  indicates  how  standard  solutions  of  definite  hydrogen 
ion  concentrations  may  be  made  up  from  a  series  of  stock  solutions, 
by  mixing  in  various  proportions.  The  stock  solutions  indicated  on  the 
chart  were  suggested  by  SSrensen  and  are  as  follows:  o.ioNHCl; 
o.io  N  NaOH;  7.505  g.  glycocoll  plus  5.85  gm.  NaCl  per  liter;  ji.876 
g.  NaiHPOi.iHsO  per  liter;  9.078  g.  KHjPO*  per  liter;  21.008  g. 
citric  acid  in  i  liter  of  o.ao  N  NaOH;  12.404  g,  boric  add  in  i  liter  of 
0.10  N  NaOH.  The  other  solutions  are  0.20  N  sodium  acetate  and 
0.20  N  acetic  acid.  Solutions  of  known  hydrogen  ion  concentration  are 
prepared  from  these  by  mixing  in  the  proportions  indicated  on  the 
chart,  the  absdsss  representing  paits  of  the  more  alkaline  or  less  add 
constituent.  Thus  a  mixture  of  seven  volumes  of  the  sodium  acetate 
stock  solution  with  three  volumes  of  the  stock  acetic  add  solution 
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gives  a  mixture  with  an  hydrogen  ion  concentration  of  i  X  J 
(exponent:  5.0).    The  mixtures  arc   most  satisfactory   through 
ranges  where  the  hydrogen  ion  concentration  changers  most  gradualT, 
that  is,  through  the  flatter  portions  of  the  curves. 

The  amounts  of  indicator  solutions  and  their  strengths  to  be  itiM 
in  the  determinations  of  hydrogen  ion  concentrations  jn  10  c.c.  portions 
of  unknown  solution  are  indicated  below. 


INDICATOR  soLunons 


1.  Aljtarin  yvOow  R   (p- 

ni  ttobcnwoe-tso-Mitic- 

ylic  acid) 

10-5 

t.  AiolUmm  Oitmut) 

3.  Cocbionl 

4.  1,  j-dinttro-bydroquinone 

S"' 

5.  Slauvcin 

S~i 

h.  MeUiyl  oransc 

S-3 

J.  Methyl  Kd 
h.  Methyl  violet 

V, 

9.  Neutral  red 

JO- to 

10.  »-NitTopheiiol 

»o-3 

II.  PhcnolplilhalriB 

)o-j 

11.  Rowlic  tcid 

iS-6 

13.  'Tbyinoti>hthaldn 
■4.  Trop«oiin  0 

15.  Tropaeolin  00 

s-j 

10.  TropMlinOOO 


Drop*  Pnparatioii  of  Mlution 


o.  I  KTUn  to  1000  c.c.  water. 

A(|ueaus  tnlutioD. 

Alcoholic  tolutiOD. 

I  gnm  to  1000  c.c  alcoliol. 

o.  5  gram  to  tooo  c.c-  tnter. 

O.I    gram   iccrystalliEed  wit    to   toeo  t^ 

water. 
Saturated  loJution  in  50  per  cent  alcobeL 
O.J  srain  to  1000  c.c,  water. 
0.1  gram  Id  500C.C.  alcohol,  and  soocc.waW' 
0.4  gram  to  60  ex.  alcohol,  940  cc  water, 
o.  5  gram  to  joo  ex.  akohol,  joo  c.c.  nitf- 
o  .4  gram  to  400  c.c  alcohol,  600  ex.  waitr. 
0.4  gnm  to  500  c.c  alcoliaj,  500  cc  watifv 
0.1  gniD  to  1000  c-c.  water. 
Of  r«cryatatllstd  salt,  o.t  gaia  to  1000  c- 
walcr. 
10-4         o.t  fiam  to  loooc.c- watar.  ^1 


D«tenn>nation  of  Hydrogen  Ion  Con ccntrnti on.— Introduce  10  c.c.  pordofl 
of  the  unknown  aolution  into  a  seiies  of  test-tubes  of  similar  diameter  and  C 
clear  glass.  Test  first  with  litmus  paper  which  changes  at  about  the  neutra 
point.  According  to  whether  Uie  reaction  is  add  or  banc  to  litmus  test  other  indi 
catoTB  on  the  acid  side  such  as  p-nitrophenol,  methyl  oiaitge  and  trop»olia  OO 
or  on  the  bask  side  as  phenolpbthalein.  Select  an  indicator  which  giives  with  thi 
solution  neither  its  nuijdinum  acid  or  maximum  basic  color.  Note  from  the  char 
through  what  range  this  indicator  exhibits  its  characteristic  change  of  coloi 
Then  to  10  cc.  portions  of  standard  solutions  of  known  hydrogen  ion  concentra 
tioo  (furnished  by  the  instructor),  which  cover  approximately  the  same  range  a 
the  indicator  add  exactly  the  same  niunber  of  drops  of  indicator  solution  as  wa 
added  to  the  standard.  Compare  colors  of  unknown  and  standards  imlil  one  J 
found  which  matches  and  which  consequently  possesses  the  same  hydrogen  to 
concentra  tioo.  If  the  unknown  is  so  strongly  acid  or  basic  that  none  of  the  Indi 
cators  mentioned  can  be  used  directly  it  will  be  necessary  to  dilute  it  with  10  or 
greater  niunber  of  volumes  ol  water  before  testing  further. 

In  case  the  unknown  solution  is  slightly  colored  the  standards  should  like 
wise  J)e  brought  to  the  same  tint  by  the  addition  of  some  coloring  agent  as  Bit 
marck  brown,  methyl  orange,  methyl  violet,  etc.,  before  making  the  comparisoi 

For  applications  of  the  indicator  method  for  the  determination  of  hydrogen  io 
COQcenliation  to  biological  fluids  see  chapters  on  the  quantitative  analysis  < 
blood  iXVI)  and  urine  (XXVI). 

Comparison  of  H  Ion  Concentration  and  Titralable  Acidity. — t.  Detennin 
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cdlonmelrically  the  H  ion  concentntioa  of  an  ir.'ico  sohitioD  of  hydrochloric  add 
naag  tropcotm  OO  as  an  indicator  and  of  an  Nj  100  acetic  acid  osing  ni«th^ 
onnte  as  an  indicator.  Note  the  great  difference  between  the  true  acidities  of 
the  two  solutionE. 

Titrate  10  c.c.  portioDS  of  N.'ioo  hydrochloric  acid  and  of  N/ioo  ac«tic  acid 
nith  N/ioo  KOH  using  phenolphthalein  nit  an  indicator.  Note  that  identical 
KSults  are  obtained  for  the  titratable  acidities  of  the  two. 

1.  Detenninc  colorimetitcally  the  H  ion  concentration  of  an  N'loo  KOH 
Boluiion  using  tropMoUn  O  as  an  indicator,  and  of  an  N/100  anunoxua  solution 
gsiiif  pbenolpbthalein  as  an  indicator.  Note  the  results  and  then  titrate  10  c.c. 
portions  of  both  solutions  with  N/too  HCl  using  aliiarin  as  an  indicator. 

3.  Mix  equal  portions  of  M/15  potassium  dlhydrogen  phosphate  and  M/'i5 
ttodinm  phosphate  [see  chart).  Note  that  the  mixture  ix  practically  neutral  to 
Itam.  Titrate  one  10  c.c.  portion  of  this  mixture  with  K,  10  KOH,  using  phe- 
BolphOuIcin  as  an  indicator.  Titrate  another  portion  with  N'lo  HCl  solution, 
mi%  methyl  orange  as  an  indicator. 

^■  Mix  equal  volumes  of  N/5  sodium  ac«tale  solution  and  N/'5  acetic  acid. 
Hole  that  the  miztufe  is  acid  to  litmus-  Titrate  one  10  c.c.  portion  with  N.'io 
BCI  using  trepsoUo  00  as  an  indicator.  Titrate  another  portion  with  N/'to 
ZOH  using  phenolphlhaleio  as  an  indicator. 


THE  FRACTIONAL  METHOD  OF  GASTRIC  ANALYSIS 


Procedure  in  Gastric  Analysis  by  the  Fractional  Method 

I.  Introduction  of  the  stomach  tuhe  (see  pages  159  and  160). 

3.  Rcmovai  of  the  residuum  (see  pages  :6o  and  161). 

3.  Feeding  the  test  meal  (see  page  i6(). 

4-  Feeding  the  retention  meal  (in  special  cases),  sec  page  161. 

5.  Removing  samplesof  stomach  contents  for  analysis  (see page  161). 

6.  Examination  of  the  samples  for: 
(o)  Total  acidity  (see  page  162). 

(b)  Free  acidity  (sec  page  164). 

(c)  Pepsin  (see  page  165). 

(d)  Tr>'pain  (not  a  routine  procedure),  see  page  169. 
(«)  Lactic  acid  (seepage  170). 
(J)  Occult  blood  (sec  page  171). 
(g)  Bile  (see  page  171). 
(A)  Microscopical  constituents  (sec  page  173). 

Introduction  of  the  Stomadi  Tub«. — Wliereas  the  large  tube  b 
inserted  by  propulsion,  the  Rchfuss  tube  is  swallowed  in  the 
manner  and  aided  by  gravity.  The  tube  may  be  passed  in  one 
of  three  ways.  t.e.:  (i)  lubricated;  (3)  with  aid  of  fluid;  (3)  after  throat  is 
cocainized.  When  passed  by  the  first  method  the  tip  of  the  tube,  after 
thorough  lubrication  with  glycerol  or  liquid  petrolatum,  is  seized  between 
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the  thumb  and  forefinger  and  placed  on  the  tongue.  Then  with  the 
aid  of  the  forefinger  the  tip  is  pushed  forward  until  it  reaches  the  root  of 
the  tongue  and  is  engaged  in  the  oro^^arynx.  Then  the  patient  ii 
encouraged  to  swallow  persistently  while  the  tube  is  slowly  fed  into  die 
mouth.  After  slight  discomfort  in  the  pharynx  and  its  passage  past  the 
level  of  the  cricoid  cartilage,  practically  no  discomfort  is  felt.  Una 
method  is  used  when  it  is  essential  that  the  pure  gastric  secretion  or 
residuum  be  obtained.  Ordinarily,  however,  it  is  much  easier  toswallow 
the  tube  by  the  second  method.  This  method  consists  in  pladug 
the  tip  in  the  oropharynx  and  then  giving  the  patient  a  measund 
quantity  of  water  or  tea  to  swallow.  The  movements  induced  by  the 
swallowing  carry  the  tube  rapidly  to  the  stomadi  with  a  minimum  of 
discomfort.  When  an  Ewald  meal  (see  below)  is  given,  part  of  the  tea 
can  be  reserved  for  swallowing  the  tube.  This  procedure  makes  it 
scarcely  more  arduous  than  the  swallowing  of  food.  Should  the  patient, 
however,  be  extremely  neurotic  or  the  unfortunate  possessor  of  marked 
pharyngeal  hyperesthesia,  cocain  hydrochloride  in  a  per  cent  aqueou: 
solution  can  be  applied  to  the  throat  rendering  the  passage  of  the  tubi 
practically  insensitive.  When  the  tube  has  entered  the  stomach,  as 
piration  of  the  material  shows  the  characteristic  gastric  contents 
Should  the  tip  remain  in  the  esophagus  through  transient  cardioqiasn 
or  other  cause,  aspiration  results  in  the  removal  of  only  a  very  smal 
specimen  having  all  the  characteristics  of  the  pharyngeal  and  eso(^ 
ageal  secretions. 

2.  Removal  of  JResiduum.^ — If  the  so-called  "empty"  stomach  t 
examined  in  the  morning  before  any  food  or  drink  has  been  taken  i 
will  be  found  to  contain  considerable  material.  This  is  termed  res 
iduum.  Before  a  test  meal  is  introduced  into  the  stomach,  this  orgai 
should  be  emptied.  If  this  is  not  done  we  cannot  consider  the  sample 
withdrawn  after  the  test  meal  is  eaten  as  representing  the  secretor 
activity  of  the  gastric  cells  under  the  influence  of  the  stimulation  of  th* 
test  meal.  It  has  been  generally  recognized,  clinically,  that  a  residuun 
above  20  c.c.  is  pathological.'  Such  a  volume  has  been  considered  a 
indicative  of  hypersecretion,  and  this  in  turn  in  many  cases  indicates  ai 
organic  lesion.  The  observations  indicating  that  a  residuum  of  ove 
30  c.c.  was  pathological,  were  made  upon  residuums  removed  by  mean 
of  the  old  t>'pe  of  stomach  tube  which  does  not  completely  empty  thi 
stomach.-     \\'hen  the  residuum  is  completely  removed  by  means  0 

'  Littpcr:  LfiOHS  de  pulkotogU  digcilhc,  igi2,  Series  2,  pp.  17-19. 

Ziveifr:  Magen-  und  DnrmkcankheiteD.  p.  459. 

Kemp:  Diseases  of  the  Stomach,  Intcslincs  and  Pancreas,  191a,  p.  133. 

Wolft:  Taschenbuch  der  Magen-  11ml  Darmkrankheitcn,  p.  22. 
-  Harmcr  and  Dodd:  £01:.  cil. 
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the  Rdifuss  tube  it  has  been  demonstrated  that  the  normal  residuum 

U  practically  always  over  so  c,c.  and  that  the  average  is  about  50  c.c' 

The  normal  residuum  has  been  found  to  possess  alt  the  qualities  of  a 

pta)-sioIogically   active  gastric  juice  with  an  average  total  acidity  of  30 

utdan  average  free  acidity  of  18.5.     The  residuum  is  often  colored  by 

bile.    This  is  particularly  true  if  the  fluid  has  a  relatively  high  acidity. 

Tnpjin  is  also  generally  present.    These  findings  indicate  regurgita- 

doQ  (see  page  151).    A  residuum  of  large  volume  possessing  a  total 

acidity  value  of  70  or  over  may  indicate  ulcer. 

■     AntlTsis  of  Roaduton. — Remove  the  residuum  as  directed  uoder  (5),  below, 
P  ud  ualyze  the  fluid  according  to  methods  outlined  on  page  16a. 

u  3.  The  Test  Meal. — Before  making  an  analysis  of  the  stomach 
cflDlents  it  is  customary  to  introduce  something  into  the  stomach  which 
nD  stimulate  the  gastric  cells.  The  resjionse  to  this  stimulation  is 
then  measured  clinically  by  the  determination  of  total  acidity,  free 
icifiity  and  pepsin  in  the  stomach  contents.  Many  forms  of  test  meal 
hm  been  used. 

Tlie  lefit  meal  most  widely  employed  is  the  Ewatd  test  meal  This  condsts 
of]  pieces  (35  grams)  of  toast  and  6  ounces  [350  c.c.)  of  tea. 

Inasmuch  as  it  was  demonstrated  in  the  author's  laboratory*  that 
nlergavc  a  similar  gastric  stimulation  to  that  produced  by  the  Ewald 
meal  it  was  suggested  that  a  simple  water  meal  might  be  substituted 
for  the  Ewald  meal.  This  water  meal  also  has  the  added  advantage 
citaabling  one  to  determine  the  presence  of  food  rests  and  to  test  more 
wturjlcly  for  lactic  acid,  blood  and  bile. 

4.  The  Retention  Meal.— In  order  to  obtain  more  information 
reganSng  gastric  motility  than  is  furnished  by  the  ordinary  test  meal 
<lMoibcd  above  the  patient  may  be  fed  a  so-called  retention  meal.  This 
meal b  fed  in  place  of  the  regular  evening  meal  and  contains  substances 
Kaffily  detected.  In  the  morning  before  breakfast  {7-8  a.  m.)  remove 
tluslomsch  contents  (residuum,  see  page  i6o)byaspirationandexamiQe 
fwfood  rests.  The  normal  stomach  should  give  no  evidences  of  food 
Wmtion,  A  satisfactory  retention  meal  consists  of  4  ounces  each  of 
WIedstring  beans  and  rice.*  Diets  containing  prunes,  raspberry  mar- 
niiliuic,  lycopodium  powder,  etc.,  have  also  been  employed.  In  many 
instances  an  ordinary  mixed  diet  will  serve  the  purpose. 

5.  Removal  oi  Samples  for  Analysis. — At  intervals  of  exactly  15 
Biinutes  from  the  time  the  test  meal  is  eaten  until  the  stomach  is  empty 

'Kd>(u«s,  BtrRcEia  snil  Hank:  Jour.  Am.  MtJ.  Ait'n,  63,  11,  1914. 

Fewler,  Rchfuis  and  lUwk:  Jon/.  Am.  Med.  Ait'n.  6s.  loJi,  lOiJ. 
'Bcrcdm,  Rrhfuis,  and  Ilauvk;  Jour.  Biol.  Chen.,  19.  345,  1914. 

KeUuM.  bfrftdm  ftnd  Hauk;  Jaur,  An.  Mtd.  Att'o,  63,  ii,  1914- 
'MjrcnuKi  Fine:  Estrnlials  oj  PalheietUal  Cktmistry,  1913. 
ti 
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$-6  cc.  samples  of  gastric  contents  are  withdrawn  from  the  st 
by  means  of  aspiration. 

In  the  removal  of  samples  from  the  stomach,  it  is  essential  that  very 
little  traction  be  employed.  To  completely  empty  the  stomach,  aspira- 
tion is  practised  in  four  positions:  («)  on  the  back;  (b)  on  the  stomadi; 
(c)  on  right  side.  (</)  on  left  side,  lliis  results  in  complete  evacuation 
of  the  stomach.  Three  tests  may  be  employed  to  determine  whether 
the  stomach  is  empty:  (t)  N'o  more  material  can  be  aspirated  in  any 
position;  (2)  mjection  of  air  and  auscultation  over  the  stomadi  witii  a 
stethoscope  reveals  a  sticky  rale  and  not  a  scries  of  gurgling  rslts  < 
such  as  is  heard  when  there  is  material  in  the  stomach;  (3)  lavage  or 
irrigation  through  the  tube  which  shows  the  absence  of  all  food  in  the 
stomach. 

6.  Examination  of  the  Samples.— The  old  method.<i  of  gastric  ana]f' 
sis  involved  tht;  collection  {by  analysis  and  calculation)  of  data  KgBid- 
ing  several  types  of  acidity  (see  TOpfer's  method,  page  174).  Tb* 
modern  tendency  among  clinicians  is  to  lay  particular  emphasis  upoi 
the  values  for  total  acidity  and  free  acidity.  The  determination  of  tt»" 
peptic  activity  is  also  important  as  well  as  the  demonstration  of  tt* 
presence  or  absence  of  occult  blood,  lactic  add,  mucus,  food  rests,  ef 

Procedure. — Strain  each  sample  through  aflne-mesb  cheese  cloth.'  Examir* 
the  recidue  for  mucus,  blood  and  food  rests.  Use  the  strained  stomach  contuiC 
for  the  detenninatioii  of  total  acidity,  free  acidity  and  peptic  actinty  by  metbotV 
which  follow. 


(a)  Determination  of  Total  Acidity.— /'rin«>/e.— The   indicates 
used  is  phcnolphthalcin.     Since   the  indicator   reacts   with  mineraJ 
acid,  organic  acid,  combined  acid  and  acid  salts  the  values  obj 
represent  the  total  acidity  of  the  solution. 


iimiv.ufc.-' 
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Procedure. — Measure  i  cc.  of  the  strained  stomach  contents  by  means  of  ui 
Ostwald  pipette  and  introduce  it  into  ■  low-form  60  cc.  porcelain  evaporatiili; 
dish.  Dilute  with  15  cc.  of  distilled  water.  Add  1  drops  of  a  t  per  cent  alcoholic 
solution  of  pheiiolphllialein  and  titrate  with  H;ioo  sodium  hydroxide  until  ■ 
faint  pink  color  is  obtained  and  persists  for  about  twominulea.'  Talte  the  buii 
reading  and  calculate  the  total  acidity. 

>  Th«  cisnilDutivii  [<)r  itiicruM'opIcd  con»tllucDlt  (sec  (h)  p.  i  t j'l  should  be  madr  on  the 
original  (un&tiaJncilj  ^aiiric  conicnu.  Te»ts  for  wcult  blood  nui>'  be  made  on  the  ledh 
mml  if  dcsiicd. 

*Pr<Katurefof  Stfial  Tilrati«iu.—\VlMa\  icric*  of  titrations  ut  to  be  made  thcfolloiring 
pnKcduie  ma>'  be  uitnl:  Arranitc  ihc  numbered  evxporatinji  dishes  !n  rows  on  a  tny.  In- 
troduce I  CC.  of  the  proper  mmpk  into  coch  dish,  tulute  with  lo  cc.  of  water  and  add  the 
bldicstor.  Add  tlieN/iooNsOH  loionlcntsofdishNo  i  iit  adefinilc  taieumitapoiatii 
rckched  at  which  a  faint  pink  colur  Is  obtained,  as  deactibed  above.  Rtlura  di&h  No,  i  to 
It*  place  in  the  tray  and  place  dUh  No.  3  under  the  burette.  Take  the  burette  reading  of 
No.  I.  Then  titrate  No.  i  in  Ihe  Mmc  way.  Continue  Ihc  Kric».  This  procedure  has  the 
advantage  of  bein^  tweedy  and  accnrale.  lliere  is  a  atljchl  etrur  made  by  the  rapid  addition 
of  the  NaOH  but  it  is  uniform  and  the  result*  (titrations)  are  therdore  comparable.      — 
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Calculalioii. — Note  th«  number  of  cubic  centiineters  of  H/  lOo  HaOH  required 
to  neutraliie  i  c.c.  of  stonuch  contents,  and  multipty  it  bj  lO  to  obtain  the  number 
of  cubic  centimeters  N ,10  NaOH  necettsary  to  neutraltie  too  c.c.  of  stomach 
contents.    This  is  the  method  of  calculation  most  widely  used.    For  other  fonns 

of  expressing  total  acidity  eee  page  174.    Plot  your  results  in  a  form  similar  to 

those  shown  in  Figs.  45  and  46. 

Cunes  Obtained  by  theFradumal  Method. — When  an  Ewald  test  meal 
is  given  to  normal  individuals  a  curve  such  as  indicated  below  is  usu- 
ally obtained.  The  curve  may  vary  within  certain  limits  depending  on 
indi%'idual  idiosyncrasies,  but  is  usually  found  to  follow  the  curve 
depicted,  and  the  meal  normally  leaves  the  stomach  in  two  and  one- 
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lali  hours.    Pathologically  every  variation  occurs,  both  in  time  of 
WBcuation  as  well  as  the  character  of  the  curve  and  the  quantity  of  the 
McretioQ  elaborated.    Fig.  41  represents  some  of  the  possibilities  of 
pathological  cases,  but  a  consideration  of  their  interpretation  is  outside 
Ihe  purpose  of  the  present  volume.    It  will  be  evident,  however,  from 
a  consideration  of  the  figure  that  the  cycle  of  gastric  digestion  is  a  con- 
stantly changing  one,  and  no  information  concerning  the  trend  of 
digestion  can  be  obtained  by  an  examination  of  only  a  single  stage  of 
digestion.     Marked  changes  may  precede  or  follow  that  stage  and  the 
possibilities  suggested  in  Fig.  41  are  all  observed  clinically  and  arc  of 
varying   significance.    Typical   cur\'ea  from   cases  of  hyperacidity, 
gastric  carcinoma  and  achyiia  are  shown  in  Figs.  46,  47  and  48 
respectively. 
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(b)  Determination  of  Free  Acidity.— The  reagent  most  widely  ua 
clinically,  for  the  determination  of  free  hydrochloric  add  in  st 


■  Free  acidttg 


Mf       Ka      ^4       1        lY*     V/t    IV*     2  hours 
Flo.  4<^— AciDirv  Ci;kvil&  Fjeou  a  Camc  ov  UvrKKACuMTy. 

contents  is  Topfer's  reagent  (see  page  175).    It  has  been  found,  howevi 
that  this  reagent  gives  rather  inaccurate  results  due  to  the  uncc 


1 

1 

lIZO 
MO 

u 

640^ 

4 

«| 

120  80 

60 

[60  40 

1 

Cai 

itric 

diton 

a 

1 

d , 

^ 

r 

1 

r 

/ 

i 

1 
i 

,*' 

y 

--5J 

llK 

fit, 

tac 

Fte.  47. — Aciornr  amv  Pioteik  Ci'kvks  in  Gastkic  Cakcikoua.    iClatk*  ond  RAfi 
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end  point.     For  this  reason  we  have  employed  Sahli's  reagent.'    T 
reagent  contains  KI  and  KIOj  and  liberates  iodine  in  the  presence 

>  A  mixture  of  t(iua.lpiirUoii4S  per  cent  solution  o(  poCaaduoi  iodidcindanSperc 
Mtutiw  of  poituoium  iodate. 
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Eehydrodiloric  acid.  The  liberated  iodine  h  titrated  by  ihtosulphate 
using  starch  as  an  indicator.  It  gives  values  similar  to  'lopfcr's  re- 
agent in  average  acidities-'  Acidities  other  than  free  hydrochloric  re* 
act  to  a  certain  extent  with  Sahli's  reagent. 

Procedure .^Mexsuie  i  c.c.  of  the  sirained  stomach  contents  by  means  of  an 
Ostw&Id  pipette  and  introduce  it  into  a  60  c.c.  porcelain  evaporating  dish.  Dilute 
with  10  c.c.  of  distilled  water,  and  add  i  c.c.  of  Sahli's  reagent  (a  mixture  of 
equal  parts  of  48  per  cent  KI  and  8  per  cent  KIOi).  Allow  the  stomach  contents 
thns  treated  to  stand  for  five  minutes  and  then  titrate  with  N;  100  sodium  thio- 
wlphate  until  only  a  faint  yellow  color  remains.  Now  add  5-10  drops  of  a  i 
jtt  cent  sdution  of  soluble  starch  and  continue  the  titration  until  the  blue  color 
disappeara.  In  serial  titrations  the  same  procedure  may  be  employed  as  de- 
scribed on  page  i63t  note  i. 

CalcuktioQ.— Note  the  number  of  cubic  centimeters  of  N  100  sodium  thio- 
fulphate  required  to  titrate  i  cc.  of  stomach  contents  to  the  total  disappearance 
of  blue  color  in  the  presence  of  starch.  Inasmuch  as  N  too  thiosulphate  is 
equivalent  to  N '  100  alkali,  this  value  indicates  the  number  of  cubic  centimeters 
of  If/ioo  sodium  hydroxide  necessary  to  neutralize  the  free  hydrochloric  acid  in 
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»KnussNTS  .Acidity).  [CUrtejnd  Rfijuss:  Jour. Am.  Med.  .l.ii'H.,64,  lyjj,  1915  ) 
ICC  of  the  stomach  contents.  Multiply  the  value  by  10  to  obtain  the  number  of 
mbic  centimeters  of  H/10  NaOH  necessary  to  neutralize  100  cc-  of  stomach 
Mitents.  This  is  the  method  of  calculation  most  widely  used.  For  other  forms 
of  e^resBing  free  addlty  see  page  174.  Plot  your  results  in  a  curve  similar 
i  to  tbote  shown  in  Figs.  43,  45,  and  46,  pages  150,  163  and  164. 

(c)  Detenninatton  of  Peptic  Activity. — (i)  Method  of  Mett'  as 
Modified  by  Nirenstein  and  Schiff.^ — Prink  pic. ^Sma.\\  ghtss  lubes 
^edwitl)  coagulated  egg  albumin  arc  introduced  into  the  solution  to 
iw  tested,  and  kept  for  a  definite  Icngtli  of  time  in  the  incubator.  The 
pfotein  column  is  digested  at  both  ends  of  the  tube  to  an  extent  depend- 
ing upon  tile  amount  of  pepsin  present.  The  method  is  not  strictly 
icairate  btit  is  the  most  satisfactory  for  clinical  purposes  on  account 
of  itt  simplicity.     Nirenstein  and  SchifF  showed  that  human  gastric 

juice  contained  inhibiting  substances  the  effect  of  which  is  overcome  by 

liic  dilution  recommended, 

'Powlcr,  Benrnm  and  lluwk:     Unpul>1i«htd  data. 

'Uclt:  Anli.f.  Anal.  m.  Phytiol.,  1894,  68. 

'Nimutda  sod  ScUff:  Anh.  f.   Vtrdauuntiiranikrittn,  9,   iS9,   '90}- 
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Proceduie.—IntToduce  into  a  small  Erknmeyer  flaak  i  c.c.  of  gaatnc  juiw 
and  15  c.c.  ot  M  20  HCI  {  -  0.18  per  cent  HCl^.  Add  two  Mett  tubes  preptnd 
as  indicated  bctow,  stopper  the  flask  to  prevent  eraporation  and  place  in  aa  10- 
culMtor  at  37°C.  (or  34  bours.  By  means  of  a  low  power  microscope  and  a  ndUl- 
meter  scale  (graduated  to  half  millimeters)  determine  accurately  the  lengQi  of 
the  column  of  albumin  digested  at  each  end  of  the  tubes.  It  is  weO  to  run  tlie 
determination  in  duplicate  in  which  case  the  result  is  the  average  of  the  si^ 
figures  obtained.  Ordinarily  from  3-4  mm.  of  albumin  are  digested  by  normil 
hamao  gastric  juice. 

Calculation.-  The  peptic  power  is  expressed  as  the  square  of  the  number  of 
millimeters  of  albumin  digested.  This  is  based  on  the  Schiit2-Borissow  law  thlt 
the  amount  of  proteolytic  enzyme  preE«ni  in  a  digestion  mixture  is  proportioul 
to  the  square  of  the  number  ot  mtlliroeters  of  albumin  digested.  Therefont 
gastric  juice  which  digests  2  mm.  of  albumin  contains  four  times  as  much  pepiin 
as  one  which  digests  only  i  mm.  of  albumin. 

Example. — If  the  microscopic  reading  ^ves  on  an  average  a.a  ram.  of  albusiui 
digested  the  pepsin  value  (or  the  diluted  Juice  would  be  3.a*<=4.84,  and  for  du 
pure  undiluted  juice,  4.S4X16  =  77.44. 

Prtparaiitm  of  itfU  Tubes  (CkriUutnsen't  JfrfAoif).'— The  liquid  portions  ol 
tile  whiles  of  several  eggK  arc  mixed  and  strnined  through  chcete  doth.     I'he  n^* 
lure  should  be  homogeneous  and  free  from  air  bubbles.     A  number  of  thin-walled 
glass  lubes  of  I'l  mm.  internal  diameti-r  arc  thoroughly  cleaned  and  dried  and  cu' 
into  lenjilhs  of  about  10  inches.     Thc!«  are  sucked  full  of  the  egg^wfaite  and  k<pC- 
in  a  horixontal  position.    Into  a  large  evaporating  dish  or  baiin  j-io  liters  of  wale^ 
are  introduced  and  hc&tcd  to  boiling.    The  vessel  is  then  removed  from  the  ii^ 
and  stirreil  with  a  thermomclcr  until  the  temperature  sinks  to  exactly  8s°C-    Thi? 
tubes  filled  with  cgg-whitc  arc  immediately  introduced  and  Icil  in  the  water  until 
it  has  cooled.    The  lubes  tlius  prepared  are  soft  boUed,  more  ea^y  digested  than 
hard  boiled  tubes,  and  free  from  air  bubbles.    The  ends  are  sealed  by  dipping  in 
melted  paraffin  or  sealing  wax  (preferably  the  Utter),  and  the  tubes  can  be  kepi  thus 
for  a  long  time.     When  ready  for  u»c  mark  with  a  file  and  brcik  into  pieces  about 
}i  inch  long.     Altci  cutting,  the  tubes  should  be  immediately  introduced  into  the 
digestion  mixture  or  mny  be  krpt  0  »hort  time  under  water.     Tubes  whose  ends  are 
not  squarely  broken  ofl  must  be  rejected. 

The  digcslibUIty  of  different  egg-whites  varies  widely.  Hence  in  making  up 
a  new  set  of  tubes  if  we  wish  our  results  to  be  comparable  these  tubes  must  be 
standardized  against  ttiose  first  prepared.  This  may  be  done  by  runidng  simul- 
taneous tests  with  tubes  from  the  two  series,  using  the  same  gastric  juice  and  com- 
paring the  lengths  of  the  columns  digested  in  eadi  case.  Christiansen's  method  of 
preparing  tubes  of  the  some  digestibility  is  to  be  preferred.  He  proceeds  at  in 
the  original  preparation  of  the  lubes  except  that  as  the  water  cools  from  oo'-So'C. 
a  single  lube  containing  the  new  egg- while  is  thopped  in  at  each  degree  chiuigc  ol 
temperature,  that  is  at  90°,  Sg",  etc.  Pieces  of  each  of  these  tubes  as  well  as  of  the 
original  standard  tubes  arc  then  allowed  lo  digest  simultaneously  in  portions  of  the 
same  gastric  juice.  One  of  these  tubes  should  show  a  digestibility  equal  to  that 
of  the  standard  lubes.  For  example  the  tube  coagulated  at  88*C.  may  show  the 
proprr  digestibility.  Then  the  new  st-rics  of  lubes  should  be  made  in  the  same  man- 
ner as  this  one,  that  is  introduced  at  88°C.  The  lubes  thus  prepared  should  be 
again  checked  up  with  the  standard  to  see  that  no  mistake  has  been  made. 
■  Chriatlansen:  Biocitm.  Ztit.,  46,  iS7>  IQO- 
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(3)  Fuld  and  L«visoa's  Method.— This  test  is  founded  upon  the  fact,  shown  by 

OtiMfne,  lliat  ed««in  when  brousht  into  solution  In  dilute  acid  will  change  in  its 

,  aolubility,  due  to  the  contact  with  the  acid,  and  that  a  protean  colled  «d£itoM,which 

fh  insoluble  tn  neutral  Ituid,  will  be  formed.    The  procedure  is  as  foliovs:  DQute 

Ike  gastric  juice  under  examination  with  20  volumes  of  water  and  introduce  Kradu> 

alty  decreasing  volumes  of  the  diluted  juice  into  a  series'  of  narrow  test-tubes  about 

I  era.  in  diameler.     I'he  mcnsurcmcnls  of  gutric  juice  nMy  conveniently  be  iDode 

tith  a  I  C.C.  pipette  which  is  accuiatdy  graduated  io  Hoo  c-c.    Into  the  first  tube 

I  in  tlie  series  may  be  introduced  1  c.C  of  gastric  jiuce,  and  the  tubes  which  follow  in 

tbieiics  may  recdve  volumes  which  diScr,  in  each,  instance,  from  the  vcdumc  intro- 

dnced  bto  tbe  preceding  tube  by  >^i)o>  Ha<  Ma>  or  Ho  ■>'  ^  cubic  centimeter. 

N9>  rapidly  introduce  into  each  tube  the  same  volume  {e-f.,  1  c-c.)  of  a  r  :  1000 

Mlutioo  of  edetim*  and  place  the  lubes  at  4o''C.  (or  one-ball  hour.    At  the  end  ol 

Uiii  lime  stmtify  ammonium  hydroxide  upon  the  contents  of  each  tube,'  place  the 

tubes  in  position  before  a  black  background  and  examine  them  carefully.    The 

uomonium  hydroxide,  by  diilusing  into  the  ndd  fluid,  forms  a  neutral  cone  and  in 

tli4Kioc  will  be  preci[Miated  any  undigested  tdeslan  which  is  present.     Select  the 

lubeiailie  series  which  contains  thelcaslamount  of  gastric  juice  and  which  exAtfrtJf 

Mtmi,  lignifying  that  the  fdtstan  has  been  completely  digeslfd,  and  calculate  the 

n>lic  activity  of  the  gastric  juice  under  eumination  on  the  haus  of  the  volume  of 

lutric  jiucc  used  in  this  particular  tube. 

(.'•lUiUtilioH. — Multiply  the  number  o(  cubic  centimeters  of  edestin  solution  used 
by  the  dilution  to  which  the  gastric  juice  was  orifinally  subjected  and  divide  the 
ftlumt of  gastric  juice  necessary  to  completely  digest  (he  edestan  by  this  product. 
Foroample,  if  a  c.c.  of  the  edestin  solution  was  completely  digested  by  0.33  cc. 
tf  ■  i:>o  gastric  juice  we  would  have  (he  following  expression:  0.15+ (loXi)  or 
t :  i6a  This  peptic  activity  may  be  expressed  in  several  wayt,  «.g.,  (o)  i :  160  pep- 
■■llii^)  160  pepEJn  content:  (c)  t6o  parts. 

(j)  Rose's  Modification'  of  the  Jacoby-Solms  Method.' — Dissolve  0.3  5  gram  of 
tlcflutialin  of  the  ordinary  garden  pea,'  Fuum  salimm,  in  100  c.c.  of  to  per  cent 

'The  loDger  the  scries,  the  more  accurate  the  deductions  which  may  be  drawn. 
'TUscdcstintfaoaldbeprntaiedlnthcusual  way  (seep.  109),  and  brought  into  lotution 
■  ■dilatehydrochloricRcidot  approximately  the  same  itrengtli  as  that  wbich  occurs  nor- 
BiUy  in  tbe  bunua  stomach.  This  may  be  conranicntly  made  by  adding  w  c.c.  «!  N'/io 
bjnl»chIoric  acid  to  ;o  c.c.  of  water.  Ordinarily  it  should  not  take  longer  than  oni  minuU 
IvJBtioduM  the  niestin  solutiou  into  the  entira  series  of  tubes-  However,  It  the  edestin  is 
sddcd  10  the  tubes  in  tbe  lamc  order  as  the  ammonium  hydroxide  is  afterward  suatilled,  no 
sppTedabk  error  is  introduced. 

'  Making  the  stratification  In  the  same  etitr  as  the  edestin  solution  was  added. 

*  Rom:  Atthit*^  of  Inlernai  ilcdicini.  5,  459,  1910, 

'Solms:  ZtUichriit  JUi  hlinitihe  ilfditm,  64,  159,  190T. 

•The  globulin  may  be  [itcpared  as  (i>llows:  "llie  fmeiy  ground  peas,  freed  os  much  u 

pnwllill  fiiiiii  Ih if iliiii,.  III!  repputcdly  citncicd  with  large  411111  thiri  ol  10  per  cent 

WdJWB  chloride  solution,  the  cxtnicis  combined,  tiraincd  through  fine  buItioK-'^olh,  and 
allowed  10  stand  over  night  in  larne  cylinders  10  dcpcjsii  insoluble  nutlrr.  The  lupernaUat 
Iwd  is  stphoned  oO  and  saturated  with  ammonium  lulphalc.  Tiic  prttlj^iulc  01  albumin 
and  gMiotin  a  filtered  off,  suspended  in  a  little  natct.  and  dialyMd  tn  lunnini:  water  for 
three  days,  until  the  salt  has  been  rrmovtd,  and  the  albiimtn.i  linvc  hccn  diuolvpd-  The 
^obulin*  are  filtered  08  and  wasbrd  two  at  (luce  limn  lo  rcmuve  tlie  last  trace  of  albumins. 
Topurily  further,  the  prrcipitalc  is  eilmcted  with  10  per  cent  sodium  chloride  solution,  and 
Altered  until  f^tfcctlv  dear.  I'hc  rftuUinx  solution  is  neutralised  to  litmus  paper  by  the 
outjous  addition  of  dilute  soiiiurti  liydruxicte,  and  again  dialysed  In  running  water  for  three 
days  to  remove  the  salts  complciely.  The  predpitaled  globulins  are  then  filtered  off  and 
dried  on  a  waler-batb  at  40'C.  During  the  entire  process  of  separation  the  proteins  should 
be  pmctvcd  with  a  mixture  ol  akuholic  thymol  and  toluol."  This  dried  globulin  is  used  in 
the  clinkal  piocedure. 
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sodium  chloride  solution,  warming  slightly  if  Dcccssaiy.*  Filter  and  introduce  t  cc 
of  the  dear  Allrate  into  each  of  a  ieriui  of  ux'  teu-tubes  about  i  cm.  in  diumctcr. 
Introduce  into  each  tube  i  c-c.  of  0.6  pci  cent  hydrochloric  add  and  permit  a  period 
of  about  five  minutes  to  elapse  for  the  development  of  the  turbidity.  Hake  x 
known  volume  of  the  Ka&tric  juice  (5-10  c.c  is  sufficient)  exactly  neutral  to  Uubu 
paper  with  dilute  alkali;  and  record  the  volume  of  the  alkali  so  used.  If  sdii 
metaprotcin  ptccipilatc»,  titer  it  off;  if  there  is  no  precipitate  proceed  witloul 
filtration.  Dilute  the  dear  neutral  Bolulion  with  a  known  quantity  of  distilled 
water  (usually  5  volumes)  making  proper  allovnncc  for  the  volume  of  alkaU  used  in 
the  neutralization.  Boil  j-io  c.c.  of  the  diluted  juice,  filter  andadd  the  foUowing 
dccrcasinK  vgluniirs  (c.c-)  lo  the  series  of  six  tubes:  i.o,  0.9, 0.7, 0.5, 0.1, 0.0.  Mite 
the  measurements  by  means  of  a  i  c.c-  pipette  graduated  in  o.oi  c-C-  Xow  rapidly 
introduce  the  unboiled,  diluted  juice  In  the  fullowing  increasing  volumes  (cc.)  in 
order:  0.0,  0-t,  0.3,  0.5,  o.S,  i.o.  Each  tube  now  contains  a  total  volume  of  i  cc- 
and  a  total  addlty  of  0.3  per  cent  hydrochloric  add.  Sliake  each  tube  tfaorougUj' 
and  place  them  at  50-5  j'C.  tor  15  minutes  or  at  3S-36'C.  for  one  hour.  EiamiM 
the  series  of  tube*  at  the  end  of  ilic  digcilion  period  and  select  tliat  tube  wliicb 
contains  the  smnllcsl  quantity  of  ga&tric  juice  and  which  iioirs  no  tufbidity.  The 
volume  of  the  juice  used  in  this  tube  is  taken  as  the  basis  for  the  calculation  of  the 
peptic  activity. 

Cd/cu/niiVn.  'The  peptic  activity  is  expressed  in  terms  of  t  c-c-  of  the  iiMifiMf^ 
juice.  For  example,  if  it  requires  o.  5  c.c.  of  the  diluted  juice  (fivc-(old  dilution)  to 
dear  up  the  turbidity  in  i  c.c.  of  the  globulin  solution  in  the  proper  cxpcrimentil 
time  interval  (15  minutes  or  one  hour  according  to  temperattire)  the  peptic  activity 
would  be  expressed  as  follows: 

{i-t-o.s)XS"io  (peptic activity). 

According  to  this  scale  of  pepun  units  10  may  be  considered  as  "normal  "peptic 
activity.  These  units  arc  about  }{a  as  large  as  those  expresseil  by  the  Jacoby- 
Solms  scale. 

Inasmuch  as  It  has  been  shown*  that  blood  serum  contains  an  antipepsin  It  is 
advisable  to  test  the  gastric  juice  for  blood  before  dcleiminiog  its  proteolytic  power. 

(4)  OiveD's  Modification  of  Rose's  Method.' — ^The  gastric  contenu  >i« 
■trained  through  cheesecloth.  Two  cc-  arc  mcBS\ired  by  meansoEan  Oitwald  pipette 
into  a  2$  c.c.  stoppered  volumetric  cylinder,  and  diluted  to  the  mark  with  dis- 
tilled water-  Into  each  of  ic\'cn  small  test-tube*  (1 X 10  cm.)  is  mca-iured,  with 
an  Osiwald  pipette,  i  c.c.  of  a  o.ij  per  cent  filtered  pea  globulin  in  10  per  cent 
sodium  chloride  solution.  To  each  tube  is  added  1  c.c.  of  0.6  per  cent  hjrdro- 
chloric  acid,  also  by  means  of  an  Ostwald  pipette.  The  tubes  arc  allowed 
to  stand  about  five  minutes,  until  the  maximum  turbidity  devdops.  To  the 
first  five,  distilled  water  is  added  as  follows:  To  the  first,  00  cc;  to  the  second, 
D.8  cc;  lo  the  third,  0.7  cc;  lo  the  fourth,  0.6  c.c;  and  to  the  fifth,  0.1  c.c;  to 
the  sixth  and  seventh,  none.  Then  there  arc  rapidly  added  to  each  test-tube 
the  following  amounts  of  the  diluted  (i  :ii.5)  gastric  juice;  to  the  first,  o-i  cc.'.to 
the  second,  0.3  cc;  to  the  third,  o.j  c.c;  to  the  fourth,  0.5  cc;  to  the  fifth,  0.8  c.c; 

'  This  solution  may  be  preserved  at  least  twu  months  under  toluene. 
'  A  longer  Mries  of  tubes  may  be  a*tA  if  (ksitcd.    Ilowevcr,  Fxperience  has  shown  that 
a  serid  of  six  onltnarily  affords  sufficient  range  (or  nil  diagnostic  purposes. 
'ORoit.:  miKhrmiuhc  /.rilttkrifl.  ii.  ibd,  kjoq, 
*  Olvens:  Uygitnit  Lab.  Bull,  loi,  p.  71,  .August,  iQij. 
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'  Uk  sixtb,  i^  c.c.\  aitd  lo  the  wvenlh,  i.o  c.c  of  the  diluted  juice  boile*!.  ThCM 
<*gurcmeDts  Cfto  be  accurntciy  msdc  with  a  i  c-C.  pipette  graduated  in  o.oi  C.C 
Q  tubes  ue  tben  imwened  ioi  1  ^  minutes  in  a  waler-Iiatb  ;tt  50°  to  51'C.  At  tlie 
nd  i>f  this  lime,  Ihc  tube  U  Micctcd  which  is  dear  and  contains  the  least  amount  of 
Hvted  gastric  juice.  Upon  tULt  ba^us.  ibe  peptic  activity  is  calculnted  as  the  num- 
ta  oi  cut»c  centirocten  of  0.25  per  cent  globulin  digested  by  i  c.c.  of  undiluted 
latinc  juke.  Foi  example,  if  tube  2  containing  0.3  c.c.  of  a  13.;  times  diluted 
lake  be  clear,  then  the  result  would  be  expressed: 

B  Peptic  activity = (1  -T-0.3)  X  i  i-S  =  411- 

'Ordlitarily  th»  acheme  of  seven  tubes  Is  used,  tbougb  it  ix  not  a  rule.  If  the 
iiceicidity  be  high,  sometimes  a  dilution  of  Ks  ts  made-  The  number  of  tubes 
vadniD  dqtend  upon  the  accuracy  desired. 

(d)  Determination  of  Tryptic  Activity.^Tr>-psin  is  not  a  gastric 
oijrme  but  occurs  in  tlte  |>iincreatic  juice  (see  page  188).  In  case  of 
R^uif^tation  of  intestinal  contents  through  the  pylorus  trypsin  would 
be  passed  into  the  stomach.  This  regurgitation  is  doubtless  of  frequent 
occurrence  and  may  even  be  a  normal  mechanuim  by  whicii  gastric 
sddity  is  regulated  (see  page  151).  Trypsin  is,  Uiercfore,  generally 
ptescRt  in  the  contents  of  the  normal  human  stomach. 

■  Spencer's  Method.' — (a)  Prepare  five  reagent  tubes,  Nos.  i,  3,3,4, tutd  5;  more 
Uifa^red. 

To  tubes  t  a  nd  3  add  0.5  c.c.  of  gastric  contents  (filter  if  cloudy). 
0)  To  lubes  1,  i,  4,  and  5  add  0.5  c.c.  of  distilled  water. 
(t)  From  tube  3  remove  0.5  c.c.  of  its  mixed  contents  and  add  to  tube  j.     Mix 
idwDugUy  and  add  0.5  c.c.  from  tube  3  to  tube  4.    Repeat  for  tube  ;. 

tWe  now  have  dtlulions  of  gastric  contents  of  t,  H>  K,  K,  ^ind  Vj«. 
(i)  To  each  tube  add  one  drop  of  phenol phthalcin  solution  (phenolphlbalcio 
I  (nm;  alcohol  (95  per  cent)  100  c.c.) ;  then  add  drop  by  drop  a  3  per  cent  sodium 
iKUbooate  solution  until  a  light  pink  color  is  produced. 

(1)  To  tubes  I,  3,3,  and  4  add 0.5  c.c.  of  casein  sotuiion.  Tube  5  must  receive 
I  u.  of  caaein  soltilion,  »ncc  it  contains  1  cc.  of  the  diluted  gastric  contents.  For 
t^atcio  solution,  dissolve  0.4  gram  of  casein  in  40  c.c.  of  N/ioNaOH.  .\dd  130 
ccol distilled  water,  then  30  cc.  of  N/io  HCl.  This  leaves  the  solution  alkaline 
to  the  ettent  of  10  ex.  of  N/iO  NaOH,  minus  about  3  c.c.  neutralized  by  the 

Woo. 

(f)  IiKUt>atc  for  five  hours  at  40*0. 

d)  Piedpiinte  tlie  undigested  casein  by  drojiwise  addition  of  a  solution  of  the 
'I'loKuig  composition:  glacial  acetic  acid  ■  c.c,  alcohol  (95  per  cent)  50  c.c.,  di»> 
1^  water  50  c.c.  The  tubes  in  which  dige»tion  hai  been  complete  remain  clear; 
«lw»  become  turbid. 

(k)  The  tryptic  values  arc  expressed  in  tctms  of  dilution.  Thus,  complete 
ilifntion  in  tube  3  (a  dtiution  of  ^j)  shows  four  times  the  tryptic  jHiner  of  un- 
dOuttd  gastric  juice;  taken  as  a  standard  as  i.  therefore,  its  tryptic  value  is  4. 

'Elaborated  by  Dr.  W.  H.  Spencer  (Jevr.  Biol.  Ckrm .  it.  165,  igis)  In  the  suihor's 
■katory  (or  ibn  spodAc  |>u[pase  o[  ittlcrmininit  iiypsin  ia  gastric  juice.  For  other  tiyp- 
tbatdhods  see  Chapter  X. 
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(>)  Controls  of  boiled  gMtric  cottteou  plus  casein  aolution,  and  o(  distiUol  I 
plus  caMin  wlutioD,  tieattd  as  tbove  stated,  muM  sbovr  no  digestion,  aoA  btca 
tuibid  on  addition  of  tlic  precipitating  solution.  m 

(e)  Detection  of  Lactic  Acid.— Hlien  the  acidity  of  Uie  stonu 
contents  i^  rcduc<xi  to  a  low  value  there  may  occur  considerable  fcnn 
tation  of  carbohydrates  which  have  t>een  introduced  into  the  stoou 
in  the  ingested  food.  This  fermentation  yields  various  organic  ac 
among  which  lactic  acid  is  particularly  prominent.  It  is  imports 
therefore,  in  case  of  low  gastric  acidity  that  the  stomach  coatente 
examined  for  lactic  acid. 

Tests.  I.  Ether-Ferric  Chloride  Test  (Stntiss).— A  salisfa 
deduction  regarding  Oic  prcstutc  ot  lactic  acid  can  only  be  made 
removing  the  lactic  acid  from  disturbing  factors  (e.g.,  hydrochloric  ac 
protein  digestion  products,  etc.]  present  in  the  stomach  conlen 
Lactic  add  may  be  extracted  from  the  stomach  contents  by  ctb 
The  following  technic  not  only  serves  to  detect  lactic  acid  but  also  m 
an  approximate  idea  as  to  the  amount  of  the  acid  present.  ■ 

Procedure. — lolroduce  s  c.c.  of  stiunod  stomach  contents  into  n  smal]  gp 
uated  separatory  funnel,  add  20  c.c.  of  ether  and  shake  the  mixture  thorouKi 
Permit  the  ether  to  separate,  then  allow  all  the  fluid  to  nm  out  of  the  septrtt 
funnel  except  the  upper  $  c.c.  of  ether.  To  this  ether  extract  add  30  cc.  distS 
water  and  2  drops  of  a  10  per  cent  solution  of  ferric  chloride  and  shake  the  B 
lure  genttf.  A  slight  green  color  is  obtained  in  the  presence  of  0.05  per  ceall 
tic  add  whereas  o.i  per  cent  lactic  acid  yields  a  very  intense  y ellowish -green  ca 

2.  Ferric  Chloride  Test  (Kellingi.— Fill  a  test-lut>e  with  water,  add 
drops  of  a  10  per  cent  Bolution  of  ferric  chloride  and  mix  thoroughly  to  fori 
liquid  which  is  very  faintly  colored.  Divide  the  solution  into  two  parts  and  k 
one  part  as  a  control  To  the  other  part  add  a  small  amount  of  the  strai 
gastric  contents  and  to  the  control  tube  add  a  similar  rolume  of  water.  La 
acid  la  Indicated  by  the  immediate  development  of  a  distinct  yellow  color  i 
tube  containing  the  gastric  contents. 


I 


The  color  in  tJiis  lest  is  due  to  the  formation  of  ferric  lactate. 


3.  USelmann's  Reaction.— To  5  c.c-  of  Ufrclmann's  reagent'  in  a  test-t 
add  an  equal  volume  of  strained  gastric  juice.  A  canary  yellow  or  greeni 
yellow  color  develops  if  lactic  acid  be  present  to  the  extent  of  o.oi  per  cent  oc 


Other  organic  acid  gives  a  similar  reaction.     Mineral  acids  su< 
hydrochloric  add  discharge  the  blue  coloration  lca%'ing  a   c 
solution.     In  other  words,  tlic  color  of  the  reagent  is  weakened 
presence  of  an  acid  reaction. 

'  UffeimBan's  reagent  is  prepared  bv  adding  ferric  chloride  solution  to  •  i  per  cent  I 
tioo  of  rnrbolic  acid  until  an  amcthyic-bluc  color  U  obtAincd,  due  io  part  to  the  formatic 
a  ferric  salt  of  carbolic  acid  sod  in  pact  to  the  rcductloo  of  tome  of  Uw  iron. 
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4.  Hofildiu'  Thlophene  Reaction.— Place  aboul  5  cc.  o(  concentrated  sulphuric 
add  in  a  le&t-tube  and  sdd  i  drop  of  s  saturated  totution  of  copper  sulphate.' 
Introduce  a  few  drops  of  the  gftstiic  couteois.  shake  the  tube  well,  and  Immerae  it 
in  the  boilins  water  of  a  benkcr-watcr-balh  for  one  or  two  minutes.     Now  remove 
the  tube,  Cixd  it  under  running  water,  add  3-3  drops  o(  a  dilute  alcoholic  joluiion' 
d  thtopbene,  CiHiS,  from  n  pipette,  replace  the  tube  in  the  beaker  and  carcfidly 
observe  any  color  change  which  may  occur.    Lactic  acid  ia  indicated  by  the  ap- 
fearance  of  a  bright  chary-red  color  which  CormN  ru))i<lly.    lliis  color  may  be  made 
mote  or  loss  permanent  by  cooling  the  tube  as  hk>d  as  the  color  is  produced.     Et- 
tas of  Ihiopbene  produces  a  deei>  yellow  or  brown  color  with  sulphuric  acid.     The 
b  not  wholly  specific  though  the  author  claims  it  to  be  mote  so  than  t'ficlmann'i 


(I)  Deteclionof  Occult  Blood. »— I.  Ortho-lolidinTcBt  rRuttan  and  Hardin ty).* 

■  — T»I C*  of  « 4 per  cent  gtacUl  acetic  acid  solutionol  o-lolidin^in  a  leBl-lubc add 

t  C^  of  the  gastric  juice  under  examination  and  1  c.c.  of  3  per  cent  hydrogen 

ptniid*.    In  the  presence  of  blood  a  bluish  color  develops  (sometimes  rather 

imhf)  and  persists  for  some  time  (aeveral  hours  in  some  instances). 

Uns  test  is  said  to  be  as  sensitive  for  the  detection  of  occult  blood  in 
and  stomach  contents  as  is  the  benzidine  reaction.     It  is  also 
Qcd  to  be  more  satisfactory  for  urine  than  any  other  blood  test, 
f  soelic  acid  solution  may  be  kept  for  one  month  with  no  reduction  in 
delicacy. 

I.  Benzidine  Reaction.—  This  is  one  of  the  most  delicate  of  the  reacttOU  £or  lb* 
4«tctioo  of  blood.  Different  benzidine  preparations  vary  greatly  in  their  send- 
frnen,  however.  Inasmuch  as  benzidine  solutions  change  readily  upon  contact 
^  Cghl  it  is  tssential  that  they  be  kept  in  a  dark  place.  The  test  is  per- 
lonwd  as  follows :  To  a  saturated  solution  of  benzidine  in  alcohol  or  glacial  acetic 
■dd  add  an  equal  volume  of  3  per  cent  hydrogen  peroxide  and  1  c.c.  of  the  gastric 
mttots  under  examination.  If  the  mixture  is  not  already  acid  render  it  so  with 
M&C  add,  and  note  the  appearance  of  a  blue  color.  A  control  test  shotUd  be 
Bade  nib«titutiiig  water  for  the  solution  under  examination. 

llie  sensitiveness  of  the  benzidine-  rraclion  is  greater  when  applied 
to  aqueous  solutions  than  when  applied  to  the  urine.  According  to 
Asarelli  tJie  benzidine  reaction  serves  to  detect  blood  when  present  in 
a  (iiltition  of  1 :  300,000.  (For  further  discussion  of  this  test  see 
dupter  on  Blood) 

(g)  DetectionofBile  in  Stomach  Contents. — If  we  accept  Boldyreff's 

faary  M  to  the  automatic  regulation  of  gastric  acidity*  under  normal 

'This  is  added  to  catalyze  ttiv  oxidation  wliich  loUuws. 

'About  lo-io  drops  in  loe  c.c.  at  03  per  cent  alcohol. 

'These  leMa  may  be  atade  upon  ihettiained  Homoch  content*  01  upon  the  solid  rntidue. 

'Rutlan  and  HardlMy:  Canadian  Medicini  Afi'n  J^arfMlttior.,  igi*;alsi>  fiiccAcni. 

l.l.  Its.  '9>3- 

5C1H4 — C|U(( 

/^  Vii, 


BoldytelT:  QmtI.  J&ur.  Exp.  iici.,  8,  I,  tgi4. 
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conditions  by  the  regurgitation  of  alkaline  material  from  the  intestin 
then  the  presence  of  bile  in  the  gastric  juice  docs  not  possess  the  dinicil 
significance  it  has  been  accorded.  However,  if  an  ordinary  Ewald  m«i 
be  fed,  and  bile  in  any  considerable  tjuantity  be  found  throu^outUie 
entire  course  of  digestion  it  may  indicate,  pathologically,  a  stenoo) 
below  the  level  of  the  common  bile  duct.  Frequently  sampks  of 
gastric  contents  arc  encountered  which  are  uncolored  and  which  ncvTer- 
theless  contain  bile,  it  is  alio  true  that  bile  may  be  adsorbed  bm 
stomach  contents  by  mucus  and  food  rests.  The  regulation  tcdinic  far 
bile  testing  is  often  inadequate  to  demonstrate  the  presence  of  this 


Fkj.  4q.^Micku«coi>ic \l  CosainuiLMs  or  the  Gasfbic  Cohtkst*, 

.4,StiirchctIlt;0,  ye&itcdlsi  C,  Oiiplrr-Itons  bncilli;  D,  ttaphylocoed;  E.UtvpMnOii 
P,  MiriDaci  G.  maKh  fibre;  //.  mucus;  /,  tcU  blood  tilU;  J,  kucwylcs;  K,: 
formation*;  L,  tquamoux  cpiihdial  cell;  M,  cdluloM. 

fluid  in  gastric  contents.  The  following  procedure  based  upon  tht 
oxidation  of  the  bilirubin  with  nitric  acid  forming  green  biliv-erdinis 
delicate  and  easy  of  application. 


Procedure.— Saturate  lo  c.c.  of  the  fluid  portion  of  the  stomach  contents  witli 
powdered  ammonium  sulphate.  This  may  be  accomplished  by  stuldng  for  od« 
to  two  minutes.  It  generally  requires  about  i  inch  of  powdered  sutphate  Id 
the  bottom  of  an  ordinary  test-tube  to  obtain  full  saturation.  When  the  Suid  is 
saturated  add  1-3  c.c.  of  acetone  and  thoroughly  mix  the  contents  of  the  tube  bf 
inverting  the  tube  five  or  six  times,  lit  is  better  not  to  shake.)  Permit 
the  tube  to  stand  and  allow  the  acetone  to  rise  to  the  surface.    Tliis  acetone  1 
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ihu  the  bile  pigment  if  anjr  is  present  ia  the  stomach  contents-  Allow  a  drop 
[  yoOow  nitric  acid  to  flow  down  the  side  of  the  tube  and  note  the  green  color  in 
LacctofK. 


Prhis 


i$  green  color  is  bili\'erdin  which  has  been  produced  from  the 
dlinibin  by  oxidation  with  nitric  add.  If  too  much  acid  in  added 
he  green  color  will  be  oxidized  to  3  purple  or  red.  If  the  acetone  does 
rat  rise  to  the  surface  promptly  the  liquid  has  not  been  completely 
tatuiated  n-ith  aminomum  sulphate. 

If  the  stomach  contents  contains  large  amounts  of  bite  as  indicated 
by  i  deep  green  color  4-5  drops  of  the  fluid  may  be  diluted  with  10  c.C. 
■prater  and  the  above  test  applic<l. 

ih)  Microscopy  of  the  Gastric  Contents.— A  microscopical  exami- 
nation of  the  gastric  contents  is  a  routine  clinical  procedure. 

niien  an  Ewald  meal  is  given  the  starch  granules  in  various  stages 
d  digestion  are  obscr\td  together  with  epithclia  from  the  pharynx, 
eopbagxis,  and  occasionally  the  stomach.  Ga&iric  and  salivary 
sinciis  are  seen  and  readily  recognized  by  their  ropy  appearance. 
Pithologically  various  bacteria  are  seen,  sarcinic,  Oppler-Boas  bacilli, 
sli^tococd,  Icptothrix,  etc.  Retained  food  from  previous  meal.s  is 
reidily  recognized  by  its  histological  appearance;  meat  fibers,  vegetable 
ah,  and  cellulose  may  all  occur  in  pathological  retention.  In  certain 
p&tiiologica]  processes  such  as  ulcer  and  cancer,  red  blood  cclb,  pus, 
and  even  the  cancer  cells  themselves  may  be  found.  For  illustrations 
of  the  microscopical  constituents  of  gastric  contents,  sec  Fig.  49. 

Procedure.  Eiamlne  a  drop  of  the  original  (mixed  1  stomach  contents  un- 
ftuscd  under  the  low  and  high  powers  of  the  microscope.  Compon  your  find- 
inji  «ilh  the  microscopical  views  shown  in  Fig.  49. 

Wolfi  Technic  for  the  Protein  ConcentiatioD  of  tbe  Gastric  Contents.'— 
v«iiig  10  the  (tiagnostic  import anci-  ul  ihc  prolcin  concent. ration  of  Ihc  gaMric 
KcntioD,  a  short  note  of  this  lc?t  i;  j{tvcn  hcic.  Under  normal  conditioDS  the 
pttttia  cooccntralioa  (otlowa  tJml  o(  aciJiiy  rather  tlosely.  In  certain  cases,  liovf- 
era,(uch  as  carcinoma  (Fig.  47),  there  is  an  HctuR]  increase  in  the  protnnconccn- 
buioa  of  the  ga&tiic  juice  out  of  all  proportion  to  tbe  acidity.  The  test  may  b« 
Wde  at  foltowH:  The  regular  Ewnld  text  meal  h  fed  nnd  sjiccimcns  of  the  ga»tric 
CHtcnts  are  obtained  at  15-ininutc  intervals  by  means  of  the  I<chfu3s  tube.  One 
tc  of  the  filtered  juice  a  then  •.jiluted  with  g  c.c.  of  water  rcpre*enting  a  dilution 
if  1:10:  5  c.C  of  this  mixture  is  again  added  to  5  c.c.  of  water  and  a  dilution  of  1:30 
ibtaioed;  this  is  again  repeated  u^ng  5  c.c.  of  iJie  mixture  last  obtained  and  5  c.c. 
tfifistilkd  water  and  the  dilulionit  arc  kept  up  until  a  scries  is  obtained  representing 
:io,  i;».  1:40.  1:  80,  i;i6o,  1:320,  and  if  necessary  1:640  or  more.    They  arc 

'WcdS:  Mascn-undDannkrankh..  Berlin,  rgii, p.  117;  also  fieri.  JUtn.  H'oct.,  May  jg, 
pii.and  Match  iS,  lou. 

Rolpli:  Utd.  tUt..  1913,  p.  S43. 

Clarke  and  Rchfun:  Sent.  Am.  itt4.  Au'n,  64. 1737,  iQij. 
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-  Uwn  siT&tificfi  iritb  approxintatdy  i  c.c.  of  WoUTs  mgent,'  care  beiog  ukcn  U 
the  licjuiitii;  do  not  fnis.  1'be  tubes  ibould  be  read  immediately  SKSuxt  a  A 
background  and  the  tube  givinjt  a  protein  ring  at  the  greatest  dilution  o(  gut 
Juice  recorded.  A  glance  at  Fig.  47  nill  show  a  pronounced  case  of  gaatiic  en 
noma.  With  normal  odd  figures  the  protein  concentration  evolves  propor 
to  the  acidity.    A  case  of  achylia  is  shown  la  Pig.  4S. 


Topfer's  Method  of  Gastric  Analysis 

This  method  is  much  less  eljiborate  than  many  others  but  b  suffide&tlf  1 
curate  Tor  ordinary  clinical  purposes.  The  method  embraces  tdc  voluneuie  1 
termination  of  (i)  lekU  acidity,  (a)  frtt  acidity  {^ganie  and  iturgoHie),*  and  (3)^ 
kydratUcric  acid,  and  the  subsequent  calculntioo  of  (4)  combined  acidity  udi 
acidity  dtu  to  organic  acids  atid  acid  sails,  from  the  data  thus  obtained.  ^ 

Procedure. — Feed  the  Ewald  test  meal  as  directed  on  page  i6r.  At  the  end 
Mw  hour  retaovc  the  entirt  itomack  »mIm/i  and  anslyw  as  directed  below.  T 
nethod  of  procedure  is  less  accurate  than  the  Fractlanal  Metlkod  (see  page  n 
Measure  the  volume  of  the  gastric  contents,  strain  it  through  cheese  doth  and  tot 
duce  10  cc.  of  the  strained  material  into  each  of  three  small  beakers  or  pored 
dishes'  Label  the  vc».'wls  A ,  B,  and  C,  respectively,  and  proceed  with  the  anal] 
according  to  the  directions  given  below.  The  volume  of  fluid  present  in  the  stomi 
one  hour  after  an  Ewald  meal  rarica  under  normal  conditions  between  50  and 
c.c.  In  cases  of  bypetsccretioD  or  defective  motility  ioo~joo  cc.  may  be  fou 
Very  excesiiive  volumes,  e.;.,  joo-joooc-c,  are  indicative  ol  dilatation  of  tbcstoau 
and  suggest  pyloric  stenous,  dther  benign  or  malignuit.  jM 

I.  Total  Acidity.* — Add  3  drops  of  a  i  percent  alcoholic  solution  ol  pM 
phthalcin*  10  the  contents  of  vesscM  and  titrate  with  N/ 10  sodium  hydroxidesc 
lion  until  a  faint  pink  color  b  produced  and  persists  (or  almost  two  minutes.  Ti 
the  burette  reading  and  calculate  the  total  acidity. 

Caicnlaium. — The  total  acidity  may  be  expressed  in  the  following  ways: 

I.  The  number  of  cubic  centimeters  of  N/to  sodium  hydroxide  solution  ott 
sary  to  neutralise  100  c.c.  of  gastric  juice.  ■ 

3.  The  weight  (in  gnuns)  of  sodium  hydroxide  necessary  to  neutralize  lool 
of  gastric  juice. 

J.  The  weight  (tn  gramii)  of  bydrodiluric  add  which  the  total  addity  ol  1 
C-C  of  gastric  juice  represents,  i.e.,  percentage  of  hydrochloric  acid. 

The  forms  of  expression  most  frequently  employed  are  t  and  3,  prefetentt  be 
given  to  the  former,  particularly  in  clinical  work. 

In  making  the  calculation  note  the  number  of  cubic  centimeters  of  N/io  soda 
hydroxide  required  to  nciilrftltzc  10  c.c.  of  the  gastric  juice  and  multiply  it  by  re 
obtain  the  number  of  cubic  centimeters  necessary  to  neutralise  100  c-c.  of  the  St 

'  Phoipholunntic  acid 0.3  ex.  m 

CoaocDOatca  hydrochloric  add t.occ  U 

Alcohol  95  per  c«nt lo.oc.C^  H 

DistiUcd  nater  iiifiicieot  to  tnake... roo.occ.  H 

*  For  a  discuuion  oi  tomhiaed  ndd  see  chapter  on  Gastric  DiKUtion.  1 

*  If  suffidcnt  Hasiric  Juice  is  not  available  it  may  be  diluted  with  water  or  a  tmi 
amount,  e.f..  5  c.c.,  taken  for  each  dclcmiin&tioo. 

*  This  inctiidcD  ficc  and  combined  add  and  add  salta. 

*  One  gram  of  plienulpbthalcia  dissolved  in  100  c.c.  of  95  per  cent  alcohol. 
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1  defied  to  express  ihc  acidity  of  loo  c.c.  of  gobtric  juice  in  terms  oJ  hydro- 
cUoric  acid,  by  weight,  multiply  the  value  just  obtained  hy  0.00365.' 

J.  Free  Acidity  (Organic  and  Inorganic). — Add  3  drops  of  sodium  alizarin 
_salplioiulc  sohilion'  to  tbc  contents  of  vessel  S  and  titrate  with  N/io  wiHium  by- 
it  Mlution  UDtil  a  tidti  color  'ut  [iroduccd.     In  this  titration  tbc  red  color, 
appeals  after  tbc  tinfic  of  yellow  due  to  the  addition  of  tbe  indluiior  hu 
tred,  roust  be  entirely  replaced  by  a  ditUnct  viola  cohr.     Take  tbc  burette 
:  aod  calculate  the  free  acidity  due  to  organic  and  inorganic  adds. 
CtletdiUwn- — Since  tlie  indicator  used  reacts  to  both  organic  and  inorganic 
iii,  ibc  number  of  cubic  ccntimctcre  of  N/io  sodium  hydroxide  used  indicates 
:  free  acidity  of  10  c.c-  of  gastric  juice.    The  data  for  loo  c.c.  of  gastric  juice  may 
Recalculated  according  to  the  direction*  given  under  Total  Acidity,  page  174. 

3.  Frat  HTdrochloric  Acid.*— Add  4  drops  of  di-metliyl-aniino-a«)bcnicne 
(lifer's  reagent)  solution*  to  tbe  contents  of  the  vcmcI  C  and  titrate  niih  K/io 
lodhnn  hydroxide  solution  until  the  initial  red  color  b  replaced  by  orange  yeUow.* 
TAt  the  burette  reading  and  calculate  the  free  acidity. 

Cakulaliott. — The  indicator  used  reacts  only  to  free  hydrochloric  acid,  hence  the 
number  of  cubic  ceutimetcrs  of  N/io  sodium  hydroaide  used  indicates  the  volume 
Muaury  to  neuttnlLce  the /r«  hydrofilorie  acid  of  10  c.c.  of  gastric  juice.  To 
ddcraune  the  data  for  100  c.c.  of  gastric  juice  proceed  according  to  the  directions 
I  under  Total  .Acidity,  page  1 74. 
Comluned  Acidily.— This  value  may  be  obtained  by  subtracting  the  number 
<f  aibdC  centimeters  of  K/io  sodium  hydroxide  m>ed  in  ncuttaMzing  the  contents  of 
fwd  B  from  the  Dambcr  of  cubic  centimeters  of  N/10  sodium  hyilroaidc  uKtl  in 
Btairalizing  A.  Tbe  data  for  100  c.c  of  gastric  juice  may  be  calculated  according 
to  Unctions  gixxn  under  Total  Acidity,  page  174. 

5.  Acidity  Due  to  Oigaok  Adds  and  Add  Salts. — This  value  may  be  convcn- 
itU^  CakuUtod  by  subtmcting  the  number  of  cubic  centimeters  of  N/io  sodium 
bfbotide  used  in  oeulraliKing  tlie  contents  of  vessel  C  frvm  the  number  of  cubic 
tmtimeten  oi  N/io  sodium  hydroxide  solution  uwd  in  noutraliung  the  contents  of 
tomI  B-  Tbe  icmainder  iodicates  tbe  number  of  nibfc  centimeters  of  N/io 
l«tiuia  hydroxide  solution  necenary  to  neutraliKc  tbc  acidity  due  to  organic  acids 
udidd  salts  present  in  10  c.c.  of  gaslric  juice.  The  data  (or  100  c.c.  of  gastric 
juice  may  be  calculated  according  to  directions  given  under  Total  Acidity,  page  174. 

'One  cc.  of  N/io  hydrocbloric  a<id  contains  0.00365  gram  of  hydrochloric  add. 

'  One  gram  of  sodium  aliiarin  »ulplic«iate  dissolved  in  100  c.c.  of  water. 

'  Rjrdrochtoric  acid  not  combined  with  protein  mntrrlnl. 

'On^balf  gram  dissolved  b  100  c.c.  of  95  per  cent  aloiboL 

'  U  tbe  orange  yellow  color  appears  as  won  as  the  iodicator  it  added  it  dcuotis  the  ab- 


CHAPTER  IX 

FATS 

Fatft  occur  very  widely  distributed  in  the  plant  and  anitni 
doms,  and  constitute  the  third  general  class  of  food-stuflfs. 
organifvins  they  arc  to  be  found  in  the  seeds,  roots,  and  fruit  w^ 
individual  tissue  and  organ  of  an  animal  organism  contains  more  j 
of  the  substance'  In  the  animal  organism  fats  arc  especially  aba 
in  tlie  bone  marrow  and  adipose  tissue.  They  contain  the  sari 
ments  as  the  carbohydrates,  i.e.,  carbon,  hydrogen,  and  oxygd 
the  oxygen  is  present  in  smaller  percentage  iban  in  the  carbohJ 


Fio.  JO.— BsKr  Fat.    (/'«■<.) 

and  the  hydrogen  and  oxygen  are  not  present  in  the  proportion  I 
water. 

Chemically  considered  the  fats  are  esters'  of  the  tri-atomic 
glycerol,  and  the  mono-basic  fatty  acids.     In  the  formation  of  th' 
three  molecules  of  water  result.    Tliis  water  arises  by  the  rep!; 
of  the  H's  of  the  carboxyl  groups  of  the  three  fatty  acid  mol 
the  glycerol  radical,  thus  yielding  the  follo^iing  tj-pc  of  form 
tliis  case  the  combination  is  with  palmitic  acid  (CuHjiCOOH) 

CH,-OOCH»,Cu 

I 

CH— OOCHsiCw. 


CHr-OOCHjiC,i 

*  Ad  cslet  b  an  oiyocid,  one  of  whose  odd  hydrogens  is  irplaced 

i;6 


ced  by  an  orsanb 
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llie  three  fatty  add  radicals  eatering  into  the  structure  of  a  neutral 
til  may  be  the  radicals  of  the  same  fatty  acid  or  they  may  consist  of 
die  radicals  of  three  different  fatty  acids. 

By  hydrolysis  of  a  neutral  fat,  i.«..  by  the  addition  to  the  molecule 
of  ihoee  elements  whidi  are  eliminated  in  tlic  formation  of  the  fat  from 
glycerol  and  fatty  acid,  it  may  be  resolved  into  its  component  parts, 
U,  glycerol  and  fatty  acid.  In  the  case  of  palmitin  the  following 
be  the  reaction: 


r 


C,H.<OCuH«CO),+3H,0-*C,H,fOH)j+3(CMH,.COOH). 

PiIbtUii.  Qlyverol.  Palmitic  add. 


process  is  called  saponification  and  may  be  produced  by  boih'ng 
tilh  alkaUs;  by  the  action  of  .steam  under  pressure;  by  long-continued 
contact  with  air  and  light;  by  tlie  action  of  certain  bacteria  and  by 
fat-splitting  enzymes  or  lipases,  e.g.,  pancreatic  lipase  (see  page  188). 
The  cells  forming  the  walls  of  Uie  intestines  evidently  possess  the  pecul- 
iu  property  of  synthesizing  the  glycerol  and  fatty  acid  thus  formed  so 
that  After  absorption  ttiese  bodies  appear  in  tlie  blood  not  in  their 
liulividual  form  but  as  neutral  fats. 

Die  principal  animal  fats  with  which  we  have  to  deal  are  stearin, 
palmitin,  olein,  and  butyrin.  Such  less  important  forms  as  laurin  and 
mxTistin  may  occur  abundantly  in  plant  organisms.  The  older  system 
ef  nomenclalure  for  these  fats  was  to  apply  the  prefix  "tri"  in  each 
(**  [tg;  /n-palmitin)  since  three  fatty  acid  radicals  arc  contained  in 
fbe  neutral  fat  molecule. 

The  fatty  acids  corresponding  to  the  above-mentioned  animal  fats 
sw  jfea«V,'cH,fCH,)i,COOH;  palmitic,  CH,CCHj)mCOOH;  oleic, 
CH,(ar;):CH  =  C:il(CH,);COOH;  and  butyric,  CH,{CH,).COOH. 
Stearic,  palmitic  and  butyric  acids  are  saturated  fatty  acids,  whereas 
oHc  acid  belongs  to  the  class  of  unsaturated  acids.  Linolcic  acid  is 
ilso  unsaturated.  Upon  the  presence  of  thtrse  unsaturated  fatty  adds 
depends  the  property  which  certain  fats  possess  of  absorbing  or  combin- 
ing Biih  iodine.  The  determination  of  this  so-called  "iodine  absorption 
nuiaber"  is  important  in  the  differentiation  of  fats  and  oils.  Fats 
(tiDtaining  the  unsaturated  acids  oleic  and  linoleic  may  be  transformed 
by  "hydrogenation "'  into  the  fats  containing  the  corresponding 
latoMlrtf  acid  (stearic).    Tlie  oleic  acid  is  changed  thus: 


WJH' 


CuITmOs-|-2H->C,»H„0,. 


Fats  occur  ordinarily  as  mixtures  of  several  individual  fats.     For 
Jnpte,  the  fat  found  in  animal  tissues  is  a  mixture  of  olein,  palmitin 

H  'Addition  of  tiydroEcn  to  llie  molrcul«,  pruUucinit  »  "byiliogtnaCrd  f«t."  '^ 

L J 


and  stearin,  the  percentage  of  any  one  of  these  fats  present  depending 
upon  the  particular  spcdcs  of  animal  from  whose  tissue  the  fat  vss 
derived.  Tlius  the  ordinary  mutton  fat  contains  more  stearin  and  ttts 
olein  than  the  pork  fat.  Human  fat  contains  from  67  per  cent  to  S5  per 
cent  of  olein  and,  according  to  Benedict  and  Osterberg,  upon  anulyaS' 
yields  76.0S  per  cent  of  carbon  and  it. 78  per  cent  of  hydrogen.  Buttv 
consists  in  large  part  of  olein  and  palmitin.  Stearin,  butyrin,  capron 
and  traces  of  other  fats  arc  also  present. 

Pure  ncutnil  fats  are  odorless,  tasteless,  and  generally  colorlos. 
They  are  insoluble  in  the  ordinary  protein  solvents  such  as  water,  salt 
sidutions,  and  dilute  acids  and  alkalis,  but  are  very  readily  soluble  In 
ether,  benzene,  chloroform,  and  hoUing  alcohol.    The  neutral  fats  are  ; 
non-volatile  subslaucw  possessing  a  mutral  reaction.     If  allowed  t«  ' 
remain  in  contact  with  the  air  for  a  sufficient  length  of  time  they  become 
yellow  in  color,  assume  an  acid  reaction  and  arc  said  to  be  rancid.    The 
neutral  fats  may  be  crystallized,  some  of  them  with  great  facility.    The 
crystalline  forms  of  some  of  the  more  common  fats  arc  reproduced  in 
I^S^-  S<>i  5t  11"^  53  ""  pages  176,  179  and  iSi.    Each  indi\idua]  fat 
possesses  a  specific  melting-  or  boiling-point  (according  to  whether  the 
body  is  solid  or  fluid  in  character),  and  ihis  property  of  melting  or  bdling 
at  a  definite  temperature  may  be  used  as  a  means  of  diffcrcntiatitm  tn 
the  same  way  as  the  coagulation  temperature  (sec  page  J05)  is  used  for 
the  dil!crcntiation  for  coagulablc  proteins.     When  shaken  with  water, 
or  a  solution  of  albumin,  soap,  or  acacia,  the  liquid  fats  are  finely  divided 
and  assume  a  condition  known  as  an  emuliion.    The  emulsion  with 
water  is  transitory,  while  the  emulsions  with  soap,  acacia,  or  albumin 
are  permanent. 

The  fat  ingested  continues  essentially  unaltered  until  it  reaches  the 
intestine  where  it  is  acted  upon  by  pancreatic  lipase  (sleapsin),  the  fat- 
splitting  enzyme  of  the  pancreatic  juice  (see  page  188),  and  glycerol 
and  fatty  acid  are  formed.  The  glycerol  is  absorbed  directly.  The 
fatty  acid  thus  formed  unites  with  the  alkalis  of  the  pancreatic  juice 
and  forms  soluble  soaps.  These  soaps  arc  readily  absorbed.  That 
bile  is  of  assistance  in  tht-  absorption  of  fat  is  indicated  by  the 
increase  of  fat  in  the  feces  when  for  any  reason  bile  does  not  pass 
into  the  intestine.  Bloor'  claims  that  neither  petroleum  hydrocar- 
bons nor  nonsaponiliable  esters,  e.g.,  wool  fat  (lanolin),  are  absorbed. 
He  believes  that  saponification  is  a  rucessary  preliminary  to  absorption. 

The  fat  distributed  throughout  the  animal  body  is  formed  partly 
from  the  ingested  fat  and  partly  from  carbohydrates  and  the  "carbon 

'  Bloor:  Jaur.  BiDi.  CIttm.,  t$,  loj,  t^ty 
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"  of  protein  material.    The  formation  of  adipocere^  and  the 

tec  of  falty  degentratioH  are  sometimes  given  as  proofs  of  the 

jn  of  fat  from  protein.    This  is  qui.'stioned  by  many  investiga* 

tether  more  satisfactory  and  direct  proof  of  the  formation  of  fat 

lein  materinl  has  been  obtained  by  Uofmann  in  experimentation 

■mafgats.    The  normal  content  of  fat  in  a  number  of  maggots 

enniDed  and  later  the  fat  content  of  others  which  had  developed 

'd  (84  per  cent  of  the  solid  matter  of  blood  plasma  is  protein 

dtl)  was  determined.     The  fat  content  was  found  to  have  in- 

jd  700  to  1100  per  cent  as  a  result  of  the  diet  of  blood  proteins. 


Fio.  ji.— Mutton  Fat.    ILrnf.) 
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The  celebrated  experiments  of  Pettenkofer  and  Voit,  however,  have 
furnished  what  is,  perhaps,  the  most  substantial  positive  evidence  of 
the  fonnatioQ  of  fat  from  protein.  These  investigators  fed  dogs  large 
amounts  of  lean  meat,  daily,  and  through  examination  of  urine,  feces  and 
expired  air  were  enabled  to  account  for  only  part  of  the  ingested  carbon, 
although  obtaining  a  satisfactory  nitrogen  balance.  The  discrepancy 
in  the  carbon  balance  was  explained  upon  the  theory  that  the  protein  of 
the  ingested  meat  had  been  split  into  a  nitrogenous  and  a  non-nitrogt' 
nous  portion  in  the  organism,  and  that  tlic  non-nitrogenous  portion,  the 
so-called  "carbon  moiety"  of  the  protein,  had  been  subsequently  trans- 
formed into  fat  and  deposited  as  such  in  the  tissues  of  the  organism. 
Later  evidence  in  favor  of  the  formation  of  fat  from  protein  has 
been  furnished  by  the  experiments  of  Wcinland.  This  investigator 
worked  with  the  larve  of  Calliphora.-  these  larva;  being  rubbed  up 
a  mortac'  with  Witte's  peptone  and  water  to  form  a  homogeneous 


I 


>  A  very  complete  aiialyib  of  adipoucrr  was  rcpotUd  by  Ruttan  »nd  Mmhall  betOM 
(tic  Society  of  Biologicd  Clienutti,  BoiUin,  Dec.  :>;,  iqij. 
•The  ordiwiry  "blow-fly." 
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mixlurc.  After  placing  these  mixtures  at  38°C.  for  24  hours  the  fat 
content  was  found  to  have  increased,  as  much  as  140  per  cent  in  some 
instances.  The  active  agency  in  this  transformation  of  fat  is  the  /anal 
tissue,  since  the  tissues  of  both  the  dead  and  living  larvce  possess  tbe 
property.  Data  are  given  from  control  tests  which  show  that  the  action 
of  bacteria  in  this  transformation  of  protein  was  excluded. 

Some  investigators  arc  not  inclined  to  accept  any  data  regarding  ibe' 
formation  of  fat  from  protein  as  conclusive. 

Experiments  on  Fats 

I.  Solability.— Test  the  solubility  of  olive  oil  in  water,  dilute  idd  and  tMi 
and  in  cold  alcohol,  hot  alcohol,  chloroform,  ether,  and  carbon  tettachloride- 

3.  FoTination  of  a  Traiuparent  Spot  on  Paper.^PUce  a  drop  of  oUre  dl 
upon  ■  piece  of  ordinary  writing  paper.  Note  the  traasparent  appearance  of  Iba 
paper  at  Ibe  point  of  contact  w-itb  the  (at. 

3.  Reaction. — Try  the  reaction  of  fresh  olive  oil  to  Utnius,  Congo  red  and  phe- 
nolphthalein.  Repeat  the  test  with  randd  olive  oil.'  What  la  tbe  reaction  of  1 
fresh  fat  and  how  does  ttus  reaction  change  upon  allowing  the  fat  to  stand  for  some 
lime? 

4-  Formation  of  Acrolein. — To  a  little  olive  oil  in  a  mortar  add  some  drj  potas- 
sium Insulpbate,  KHSOi,  and  rub  up  thoroughly.  Transfer  to  a  dry  test-tube 
and  cautiously  beat.  Note  the  irritating  odor  of  acrolein.  The  glycerol  of  tbe 
fat  has  been  dehydrotyzed  and  acrylic  aldehyde  Of  acrolein  has  been  produced. 
Tllla  la  the  reaction  which  takes  place : 

CH,-OH        CHO 

i  I 

CH  OH    -.  CH+2HiO. 


CHgOII 

OlyMtol 


CH. 

Aoolarln- 


S-  EmulsiUcation. — (a)  Shake  up  a  drop  of  neutral' olire  oil  with  a  little  wat 
in  a  test-tube.    The  fat  becomes  finely  dirided,  forming  an  emulsion, 
is  not  a  permanent  emiUsion  since  the  fat  separates  and  rises  to  tbe  top  u( 
standing. 

(b)  To  s  c.c.  of  water  in  a  test-tube  add  i  or  3  drops  of  0.5  per  cent  Ha>CO^ 
Introduce  into  this  faintly  alluline  solution  a  drop  of  neutral  olive  oil  and  shake. 
The  emulsion  while  not  pennanent  is  not  so  transitory  as  in  tbe  caes  of  water  free 
from  sodium  carbonate. 

(c)  Repeat  (b)  usmg  rancid  oUve  oil.    What  sort  of  an  emulsion  do  you  ge(_ 

'IniBct  larvK  were  used  In  Mine  cKperfmeiiU. 

*To  prttiarc  rimcid  olive  oil  udd  ;  drops  uE  oleic  \cid  (o  lO  C.c.  ot  olive  oil. 

*  Neutral  oliv-c  oil  may  be  picpnrcd  by  ihaking  ordinary  olive  o«l  «ith  a  lo  per  ceot 
lolution  of  lodiiim  carbonate  'Iliis  mixture  should  Ihpn  be  extncted  with  ether  and  the 
ether  leniovcd  by  evaporation.     The  residue  is  nrultal  olii-e  oil. 


k 


FATS 


md  why?  It  is  imposEible  to  emulsify  a  hi|)i]y  raacid  fat  due  to  the  excessiTe 
tlgmaticMi  of  ntber  insoluble  soaps  about  the  oil  drops. 

I.i)  Shake  a  drop  of  neutral  olive  oil  with  dilute  albumin  solution.  Whjit  ia 
)he  nature  of  this  emulsioD?    Examine  it  under  the  microscope. 

6l  Fat  CrystalE.— Dissolve  a  small  piece  of  lard  in  ether  in  a  test-tube,  add 
m  equal  volume  ot  alcohol  and  allow  the  alcohol-ether  mixture  to  evaporate 
tpontmeously.  Examine  the  crystab  imder  the  microscope  and  compare  them 
vfOilliose  reproduced  in  Figs,  so,  51,  and  s'l  on  pages  176,  179  and  181. 

7.  Saponification  of  Bayberry  Tallow.' — Fill  a  large  casserole  two-thiids 
M  of  water  rendered  strongly  alkaline  with  solid  potassium  hydroxide  (a  stick 
one  iflch  in  length).  Add  about  10  grams  of  bayberry  (allow  and  boil,  keeping 
the  volume  constant  by  adding  water  as  needed.    When  saponification  is  com- 


Kio.  s*- — Poaic  Fat. 

plete'remoreascc.  of  the  soap  solution  for  use  in  Experiment  8  and  add  concen- 
trated hydrochloric  acid  slowly  to  the  remainder  until  no  further  precipitate  is 
produced.'  Cool  the  solution  and  the  precipitate  of  free  fatty  acid  will  rise  to  the 
Rtrface  and  form  a  cake.  In  this  instance  the  fatty  add  is  principally  palmitic 
acid.  Remove  the  cake,  break  it  into  small  pieces,  wash  it  with  water  by  decan- 
tatJon  and  transfer  to  a  small  beaker  by  means  of  g$  per  cent  alcohoL  Heat  on  a 
water-batfa  until  the  palmitic  acid  is  dissolved,  then  filter  through  a  dry  filter 
paper  and  allow  the  lUtrale  to  cool  slowly  in  order  to  obtain  satisfactory  crystals. 
Write  the  reactions  which  have  taken  place  in  this  experiment- 
When  the  palmitic  add  has  completely  crystallized  filter  off  the  alcohol,  dry 
the  crystals  between  filter  papers  and  try  the  tests  given  in  Experiment  to,  p.  182. 
8.  Salting-out  Experiments. — To  25  c.c.  of  soap  solution,  prepared  as  de- 
scribed abovCf  add  solid  sodium  chloride  to  the  point  of  saturation,  with  continual 
stininc.    A  menstruum  is  thus  formed  in  which  the  soap  is  insoluble.    This 

'  Bavbeiry  tiUow  u  derived  from  the  fatij-  covniiig  of  the  berries  of  the  was  myttk.  It 
i(  thctcloie  frnjiwiitly  called  "iii)itl<-  «m''  or  ■■li.ijInTry  "ji^  " 

*  Place  I  or  J  drops  in  a  tcsl-lubi^  full  ul  water.  If  upuniiicallon  is  tumplete  ibe  prod- 
uct* will  ccnuin  in  solulioQ  nnd  no  nil  will  i.fparat?- 

'  Under  tome  conditions  a  purtr  pt.-nlmi  iiul>uincd  if  ihe  soap  solution  is  cooled  before 
pKcipiuiiag  the  fatty  add. 
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SAltiii(-out  process  is  entirely  andogous  to  the  saltinf-out  of  protcuu  (sm  pt|i 

101). 

9.  Formatioa  of  losoloble  Soaps.— Introduce  5  c.c  of  soap  solutioa  into  cad 
of  two  leBt-tubes-  To  the  coDtents  of  one  tube  add  a  snull  amount  of  a  uhuiai 
of  calcium  chloride  and  to  the  contents  of  the  other  mbe  add  «  nMD  amDini 
of  a  solution  of  maEnegium  sulphate.  Note  the  formation  of  iosolnUe  toaya  a 
calcium  and  magnesium. 

10.  Palmitic  Add.— (a)  Examine  the  crystals  under  the  microwope  and  ccoi' 
pore  them  with  those  shown  in  Fif.  53,  below. 

(b)  Solabilitj'- — Try  the  solubility  of  palmitic  add  in  the  same  solventsasBM^ 
on  fats  'see  page  180). 

(c)  Meltiog -point. — Delennlne  the  raelting-poinl  of  palmitic  add  by  one  ol 
the  methods  given  on  page  183. 


Fic,  ss.—Pjii.vrcK  .Acm. 

(d)  Formation  of  Transparent  Spot  on  Paper. — Melt  a  Utile  of 'the  fatty  ati 
and  allow  a  drop  to  fall  upon  a  piece  of  ordinary  writiog  paper.  How  does  tti 
compare  with  the  action  of  a  fat  under  simiUr  circumstances? 

(e)  Acrolein  Test^Apply  the  lest  as  given  tmder  4,  page  180.  Explain  tli 
result  ^ 

(f)  Iodine  Absorption  Test.^Por  direcUons  see  Experiment  13.  ' 
II.  Saponification  of  Lard.— To  35  grams  of  tard  in  a  Sask  add  75  ex.  1 

alcoholic 'potash  solution  and  warm  upon  a  water-bath  until  saponiflcatioa  : 
complete.  (This  point  is  indicated  by  the  complete  solubility  of  a  drop  of  tt 
solution  when  allowed  to  fall  into  a  little  water.)  How  transfer  the  solution  froi 
the  flask  to  an  evaporating  dish  containing  about  100  c.c.  of  water  and  beat  on 
water-bath  tmtil  all  the  alcohol  has  been  driven  off.  Predpitate  the  fatty  ad 
with  hydrochloric  acid  and  cool  the  solution.  Remove  the  fatty  acid  which  riM 
to  the  surface,'  neutralize  the  solution  with  sodium  carbonate  and  evaporate  I 
dryness.  Extract  the  residue  with  alcohol,  remove  the  alcohol  by  evaporatio 
upon  a  water-bath  and  on  the  residue  of  glycerol  thus  obtained  make  the  ten 
as  ^ven  below. 

17.  Glycerol,     (a)  Taste.— What  is  the  taste  of  glycerol? 
'  Allti  drying  Ib«  add  make  on  iodint  absorplion  less  u  described  la  Experioicnt  i} 
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Solubility.— Try  the  solubility  o(  glycerol  to  water,  tlcohol  snd  ether. 

(c)  Hypochlorite -Orcinol  Reaction.' — This  is  baaed  on  the  oxida- 
of  glycerol  to  the  corresponding  aldow:  sugar  glyccrosc  and  the 
election  of  the  latter  by  means  of  orcinol.  Ilomologues  of  glycerol 
^ts  well  as  the  corresponding  acids  and  certain  sugars  as  glucose  and 
unose  give  the  reaction.  The  first  named  occur  seldom  while  the 
liter  may  be  removed  with  baryta. 

Two  to  3  C.C  of  a  I  per  cent  or  Hs  P«r  cent  aolution  of  glycerol  in  water  to 

ited  with  exactly  3  drops  ( =0.11  cc)  normal  NaOCl'  and  boiled  (or  a  minute. 
To  the  Uqutd  whUe  still  hot  add  3  drops  of  hydrochloric  acid  (sp.  gr.  1.134)  owi 
.boil  jo-60  seconds  to  drive   oft  chlorine,  a 
leu  sohiUon  being  obtained.     Then  add 

iqiial  volume  of  fuming  hydrochloric  add  and 
Ball  knife-potat  of  orcinoL  On  bodling  the 
miiture  l>ecoiReK  a  beautiful  violet  or  green  blue. 
The  [iftupitate  formed  is  soluble  in  amyl  alcohol 
tad  may  be  examined  spectroecopicaDy. 

(i)  Acrolein  Test. — Repeat  the  test  as  given 
lDldtr4,page  180- 

(•)  Borax  Fusion  Test.— Fuse  a  little 
Ptttui  on  a  ^tinnm  wire  with  some  powdered 
botu  and  note  the  characteristic  green  flame. 
Hut  color  is  due  to  the  glycerol  ester  of  boric 
idd. 

\f\  Fehting's  Test.— How  does  this  result 
toD^e  with  the  results  on  the  sugars? 

(|)  Solution  of  Cu(OH)»,  Form  a  tittle 
oipric  hydroxide  by  mizinj  copper  sulphate 
uil  pcusaium  hydroxide.  Add  a  little  glycerol 
te  this  suspended  precipitate  and  note  what 
wnrt. 

ij.  Iodine  Absorption  Teat. —Dissolve  a 
■Ban  amount  of  an  unsaturated  organic  add, 
4,  dele  add,  in  chloroform.  Add  2-3  drops 
ofBUbl's  iodine  solution'  and  shake.  The  solu- 
tion will  be  decolorized  if  unsaturated  acids  are 
Vntait.  This  is  due  to  tba  absorption  of  the 
inUtt.  The  test  should  be  controlled  by  shak- 
il|tUofoform  and  iodine  tolation  to  which  no 
Kid  has  been  added. 

14.  Melting-point  of  Fat— First  Method.— 

Insert  one  of  th«  malting-point  tubes,  furnished  by  the  instructor,  into  the 

liquid  fat  and  draw  up  (he  fat  until  the  bulb  of  the  tube  is  about  one-half  full 

af  the  material.     Then  fuse  one  end  of  the  tube  in  the  llame  of  a  Bunsen  btimet 

'Mandd  and  Nmlieni;  Biech.  Zeii.,  Tt,  114,  iqij. 
*Uadc  according  to  RaKhig:  Ber.,  40,  4586,  1007. 

'Pnpated  by  dutolving  t6  |{rain.«  of  nxlinc  and  y>  grams  of  mercuric  chloride  in  one 
wol  9s  per  cent  alcohol. 
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and  faeten  the  tube  to  « tbennometer  by  meaos  of  »  rubber  Nuid  in  such  ■  inuiDir 
that  tb«  bottom  of  the  fat  column  is  on  a  level  with  the  bulb  of  the  tbennometet 
(Fig.  54,  p.  183).  Fill  a  beaker  of  medium  size  about  two-thirds  full  of  water  ind 
place  it  within  a  second  larger  beaker  which  also  contains  water,  the  two  vessel: 
being  separated  by  pieces  of  cork.  Immerse  the  bulb  of  the  thermometer  and 
the  attached  tube  in  such  a  way  that  the  bulb  is  about  midway  between  du 
upper  and  the  lower  surfaces  of  the  water  of  the  inner  beaker.  The  upper 
end  of  the  tube  being  open  it  must  extend  above  the  surface  of  the  sunound- 
ing  water.  Apply  gentle  heal,  stir  the  water,  and  note  the  temperature  at 
which  the  fat  first  begins  to  melt.  This  point  is  indicated  by  the  initial  truu- 
parency.  For  ordinary  fats,  raise  the  temperature  very  cautiously  from  30°C 
To  determine  the  congealing -point  remove  the  flune  and  note  the  temperatore 
at  which  the  (at  begins  to  solidify.  Record  the  nwhillg-  and  cangealing-poioS 
of  the  various  fats  submitted  by  the  instmclor.  ^t 

Second  Mitfioil. — Fill  a  small  evaporating  di^  about  oDC^ialf  full  of  nuit^ 
anil  i>]uce  it  on  a  water-bath.  Tut  a  small  drop  of  the  fat  under  examination  oain 
ordinary  covcr<glass  and  place  this  upon  the  surface  of  the  iacrcur>'.  Rabc  the 
temt>erature  of  the  water-bath  tlowly  and  by  means  of  a  thermometer  whose  birib 
is  immersed  in  the  mercury,  note  the  rndtinji-point  of  the  fat.  Determine  the  coo* 
geatiiig-poiat  by  removing  tlie  flame  and  leaving  the  fat  drop  and  covcr-glsH  in 
position  upon  the  mcrciir>-.  How  do  the  melting-points  as  determined  by  ihii 
method  compare  with  those  as  determined  by  the  first  method?  Which  method 
is  the  more  accurate,  and  why? 


CHAPTER  X 
PANCREATIC  DIGESTION' 


As  soon  as  the  food  mixture  leaves  the  stomach  it  comes  into  inti- 

ate  contact  with  the  bile  and  the  pancreatic  juice.    Since  these  fluids 

:  alkaline  in  reaction  (see  Bile,  page  303)  there  can  obviously  be  no 

lutthcr  peptic  actiwty  after  they  have  become  intimately  mixed  with 

_lhe  chyme  and  have  neutralized  the  acidity  previously  imparted  to  it 

the  hydrochloric  acid  of  the  gastric  juice.    The  pancreatic  juice 

adics  the  intestine  through  the  duct  of  Wirsung  which  opens  into  the 

Itstinc  near  the  pylorus. 

Normally  the  secretion  of  pancreatic  juice  is  brought  about  by  the 

Qulation  producc<l  by  the  acid  chyme  as  it  enters  the  duodenum. 

'Therefore,  any  factor  which  produces  an  increased  flow  of  gastric  juice 

Hidi,  {or  example,  as  water'  will  cause  a  stimulation  of  the  pancreatic 

seattion.    The  secretion  of  pancreatic  juice  is  probably  not  due  to  a 

nervous  reJlex  as  was  believed  by  Pawlow  but  rather,  as  Bayliss  and 

StaHing  have  shown,  is  dependent  upon  the  presence,  in  the  epithelial 

celli  of  the  duodenum  and  jejunum  of  a  body  known  as  prosecretin. 

I  body  is  changed  into  secretin  tlirough  the  hydrolytic  action  of  the 

i present  in  the  chyme.     The  secretin  is  then  absorbed  by  the  blood, 

f'passes  to  the  pancreas  and  stimulates  the  pancreatic  cells,  causing  a 

flo*  of  pancreatic  juice.    The  quantity  of  jiuce  secreted  under  these 

toniiitions  is  proportional  to  the  amount  of  secretin  present,     Tllc 

winty  of  secretin  fiolutions  is  not  diminished  by  boiling,  hence  the 

if  docs  not  react  like  an  enzyme.     Further  study  of  the  body  may 

flinwit  to  be  a  definite  chemical  individual  of  relatively  low  molecular 

U.    It  has  not  been  possible  thus  far  to  obtain  secretin  from  any 

I  except  the  mucous  membrane  of  the  duodenum  and  jejunum. 

Tliis  secretin  mentioned  above  belongs  to  the  class  of  substances 

lUed  AormoMJ  or  chemical  messengers,     Tliese  hormones  play  a  very 

■oportant  part  in  the  coordination  of  the  acli\itic3  of  certain  functions 

^  glands.    Other  important  hormones  arc  those  elaborated  by  the 

iIiJTmds,  the  adrenals,  tlie  pituitary  body  (hypophysis),  the  embryo  and 

'  Undtr  this  bctd  wt  uill  cunsidcr  only  mich  diKMttve  piocfsaes  t-t  arc  brouKhl  about 
'Jtuyma  adgiDaUng  in  the  paaorcus.  In  the  followiog  dia|)le(  on  Intcsliniil  UiKestioo 
*^  be  louod  k  conBderation  of  mich  cniyni<;«  u  have  ft  tnic  inletlinal  ori[iti. 

'Sw  chiptcr  on  Guttic  Diccstiun, 

185 


l86  PHYSIOLOGICAL  CHEMISTRY 

the  reproductive  glands.    It  is  claimed  by  some  that  all  active  organs 
of  the  body  produce  hormones. 

The  juice  as  obtained  from  a  permanent  fistula  differs  greatly  in 
its  properties  from  the  juice  as  obtained  from  a  temporary  fistida,  aod 
neither  form  of  fluid  possesses  the  properties  of  the  nonnal  fluid.  Pan- 
creatic juice  collected  by  Glaessner  from  a  natural  fistula  has  bees 
found  to  be  a  colorless,  clear,  strongly  alkaline  fluid  which  foams  readily. 
'  It  is  further  characterized  by  containing  albumin,  globulin,  proteose, 
and  peptone;  nucleoprotein  is  also  present  in  traces.'  The  average 
daily  secretion  of  pancreatic  juice  is  650  c.c.  and  its  specific  gravity  is 
1.008.  The  fluid  contains  1.3  per  cent  of  solid  matter  and  the  freezing' 
point  is  — o.47°C.  The  normal  pancreatic  secretion  contains  at  least 
four  distinct  enzymes.  They  are  trypsin,  a  proteolytic  enzyme;  ^mi- 
creatic  amylase  (amylopsin),  an  amylolytic  enzyme;  pancreatic  lipast 
(steapsin),  a  fat-splitting  enzyme;  and  pancreatic  rennin,  a  milk-coagu- 
lating enzyme. 

The  most  important  of  the  four  enzymes  of  the  pancreatic  juia  is 
the  proteolytic  enzyme  trypsin.  This  enzyme  resembles  pepsin  in  so 
far  as  each  has  the  power  of  breaking  down  protein  material,  but  the 
trypsin  has  much  greater  digestive  power  and  is  able  to  cause  a  more 
complete  decomposition  of  the  complex  protein  molecule.  In  the 
process  of  normal  digestion  the  protein  constituents  of  the  diet  are  for 
the  most  part  transformed  into  proteoses  (albumoses)  and  peptones 
before  coming  in  contact  with  the  enzyme  trypsin.  This  is  not  abso- 
lutely essential,  however,  since  trypsin  possesses  digestive  activity  su£&- 
cient  to  transform  unaltered  native  proteins  and  to  produce  from  thai 
complex  molecules  comparatively  simple  fragments.  Among  the  prod- 
ucts of  tryptic  digestion  are /fotefjscj,  peptones,  peptides,  leucine,  tyrosine, 
aspartic  acid,  glutamic  acid,  alanine,  phenylalanine,  glycocoll,  cystint, 
serine,  valine,  proline,  oxyproline,  isoleucine,  arginine,  lysine,  kisttdine, 
and  tryptophane.  {The  crystalline  forms  of  many  of  these  products  are 
reproduced  in  Chapter  IV.)  Trypsin  does  not  occur  preformed  in  the 
gland,  but  exists  there  as  a  zymogen  called  trypsinogen  which  bears  the 
same  relation  to  trypsin  that  pepsinogen  does  to  pepsin.  Trypsin  has 
never  been  obtained  in  a  pure  form  and  therefore  very  little  can  be 
stated  definitely  as  to  its  nature.  The  enzyme  is  the  most  active  in 
alkaline  solution  but  is  also  active  in  neutral  or  sli^Uy  add  solutions. 
Trypsin  is  destroyed  by  mineral  acids  and  may  also  be  destroyed  by 
comparatively  weak  alkali  (2  per  cent  sodium  carbonate)  if  left  in  con- 
tact for  a  sufiiciently  long  time.  Trypsinogen,  on  the  other  hand,  is 
more  resistant  to  the  action  of  alkalis.     In  pancreatic  digestion  the  pro- 

'  Glaessner:  ZeitschriJtjUr  physiologhche  Chemie,  40,  476,  1904. 
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tein  does  Dot  swell  as  is  the  case  in  gastric  digestion,  but  becomes  more 
or  less  "honey-combed"  and  finally  disintegrates. 

The  presence  of  active  pepsin  in  the  contents  of  the  intestine  has 

bten  demonstrated  by  Abdcrhaldcn  and  Mcycr.^    It  may  possibly  be 

tbst  pepsin  may  play  a  part  in  the  profound  intestinal  proteolysis  which 

has  up  to  this  time  been  assigned  to  trypsin  and  cccpsin  (sec  chapter  on 

Giislric  Digestion). 

ITic  pancreatic  juice  which  is  collected  by  means  of  a  fistula  pos- 
itsses  practically  no  power  to  digest  protein  matter.  A  body  called 
mitToki$tase  occurs  in  the  intestinal  juice  and  has  the  power  of  converting 
Iiypsinogen  into  tr>-psin.  This  process  is  known  as  the  "  activation"  of 
ti3if6inogen  and  through  it  a  juice  which  is  incapable  af  digesting  pro- 
utD  may  be  made  active.  (For  further  discussion  of  enterokinase 
seediapteron  Intestinal  Digestion.)  Mendel  and  Rettger'and  others 
have  demonstrated  that  activation  of  trj'pMnogvn  into  trj'p^sin  may  be 
brought  about  in  the  gland  as  well  as  in  the  intestine  of  the  living 
organism.  The  manner  of  the  activation  in  the  gland  and  the  nature 
of  the  body  causing  it  arc  unknown  at  present.  Prym^  deiues  that 
sudi  an  activation  occurs. 

Ddczenne  claims  that  trypsinogen  may  be  activated  by  soluble 
'taUium  salts.  He  reports  experiments  which  indicate  that  proteolytic- 
aUy  in&clive  pancreatic  juice,  obtained  directly  from  tlie  duct,  when 
Utsted  with  salts  of  this  character,  assumes  the  property  of  digesting 
protein  material.  This  process  by  which  the  tripsinogen  is  activated 
tlirough  the  instrumentality  of  calcium  salts  is  very  rapid  and  is  dcsig- 
Dsted  by  Delezenne  as  an  "explosion."  The  suggestion  of  Mays  that 
there  may  possibly  be  several  precursors  of  trj-psin  one  of  which  is 
activated  by  enterokinase  and  the  others  by  other  agents,  is  of  interest 
ia  this  connection. 

BoIdyrefT*  has  demonstrated  the  presence  of  trypsin  in  the  stomadi 
[doe  Lo  the  regurgitation  of  duodenal  contents  through  the  pylorus 
(jee  Chapters  VII  and  VIII).     Others'  have  confirmed  this  finding  (see 
diapter  on  Gastric  Analysis). 

Pancreatic  amylase  {amylopsin),  the  second  of  the  pancreatic  en- 

■  zyoes,  b  an  amylolytic  enzyme  which  possesses  somewhat  greater  dlges- 

tiit  power  than  the  salivary  amylase  (ptyalin)  of  the  saliva.    As  its 

■tme  implies,  its  activity  is  confined  to  the  starches,  and  the  products 

<i  it*  amylolylic  action  are  dcxtrins  and  sugar.    The  sugar  is  principally 

'Abdnriuldcu  and  Mcytr:  Zeil.  pkysiol.  Ckem.,  74,  (17,  ipti. 

'llindd  and  RetUer;  AmsiUan  Jetirnal  af  Phyiiolegy,  7. 

'Pirn:  P/^pr'i  Arthiv,  104  and  10;. 

*BtU]rtt8:  TramMtionsof  tha  nth  Plrosi>ff'sCoiiKrGMo[Ph>-sIcI«ns,  St.  Pctenburg, 

'SfCBCK,  Mejer,  Rehluss  nod  Uawk:  Ameritiin  Jour.  Piysiol.,  J9,  Ajq,  1416. 
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maltose  itiid  tliis  by  the  further  action  of  an  inverting  enzyme  *  mallase;  I 
is  transformed  into  glucose.  I 

It  is  possible  tlmt  the  saliva  as  a  digestive  duid  is  not  absolntdir  I 
essential.  'ITie  salivary  amyla.se  (ptyalin)  is  destroyed  by  the  hydr^  I 
chloric  acid  of  the  gastric  juice  and  is  therefore  inactive  when  the  cbysc  I 
reaches  the  intestine.  Should  undigested  starch  be  present  at  (hii  I 
point,  however,  it  would  be  quickly  transformed  by  the  active  pancreatic  1 
amylase.  This  enxjnnc  is  not  present  in  the  pancreatic  juice  of  infanti  I 
during  the  first  lew  weeks  of  life,  thus  showing  very  clearly  that  a  staidiy  ] 
diet  is  not  normal  for  this  period.  I 

The  pronounced  influence  of  electrolytes  upon  the  action  of  pancrct-  ] 
tic  amylase  and  other  amylases  has  been  demonstrated  many  limej-' 
In  fact  the  removal  of  electrolytes  from  pancreatic  juice  by  dial)-sii 
yields  a  juice  which  possesses  no  power  tc  split  starch.  It  also  appears 
that  the  CI  or  Br  ion  is  absolutely  essential  to  the  activity  of  aninul 
amylases.* 

It  has  been  claimed  that  pancreatic  amylase  has  a  slight  digestive 
action  upon  unboiled  starch. 

The  extent  to  which  amylase  is  present  in  the  feces  has  been  taken  as 
the  index  of  pancreatic  activity. 

The  third  enzyme  of  the  pancreatic  juice  is  called  pancreatic  lipase 
(steapsin)  and  is  a  fat-splitting  enzyme.  It  has  the  power  of  splitting 
the  neutral  fats  of  the  food  by  hydrolysis,  into  fatly  add  and  glycetoL 
.\  typical  reaction  would  be  as  follows: 

C,H»(OCuH..rO),+3H,0-3(CuH.,C(X)H)+C»Hi(OH)»- 

Recent  researches  make  it  probable  that  fats  undergo  sapooitica- 
tion  to  a  certain  extent  prior  to  tlieir  absorption.  The  fatty  adds 
formed  unite  with  tlie  alkalis  of  the  pancreatic  juice  and  intestinal 
secretion  to  form  soluble  soaps  which  are  readily  absorbed.  It  ws* 
fonnerly  beheved  that  the  fats  could  also  be  absorbed  in  emulsion— 
a  condition  promoted  by  the  presence  of  the  soluble  soaps.  After  ab- 
sorption the  fatty  acids  are  resynthesized  to  form  neutral  fats  with 
glycerol. 

Bloor*  has  reported  expeiimeats  which  "  make  it  extremely  probable 
that  fats  can  be  absorbed  only  in  water-soluble  form  and  that  saponi- 
fication is  a  necessary  preliminary  to  absorption,"  Petroleum  hydro- 
carbons and  non-saponiliable  esters,  e.g.,  wool  fat  (lanolin)  were  un- 

*  For  Uw  literature  tec  Kcodnll  and  Shttmftn:  /our.  Am.  Chem.  S»e.,  $3,  toS;,  tgio. 
■Wohlscmuth:  Biachtm.  Zeit-,  q,  lo,  i9oS;iin(l  Kendall  and  ShcTDun:  J»nr.Am.Chm- 
Soc,  jj,  1087    (510.     Bicrry:  Biethcm.  Ziil,,  40,  JS7.  'vil- 
'Blooi:  /tftir.  Biol.  Cktm.,  t;,  loj,  1913. 
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absorbed.  Bloor  further  claims'  that  in  the  absorption  of  fats  there  is 
a  tendency  toward  the  formation  of  a  uniform  diyle  fat,  presumably  the 
characteristic  body  fat  of  the  animal. 

p  Pancreatic  lipase  is  very  unstable  and  is  easily  rendered  inert  by  the 
ftCtion  of  acid.  For  this  reason  it  is  not  possible  to  prepare  an  extract 
haxiag  a  satisfactory  fat-splitting  power  from  a  pancreas  which  has 
b«B  removed  from  the  organism  for  a  sufficiently  long  time  to  have 
become  acid  in  reaction. 

The  fourth  cnzj-mc  of  the  pancreatic  juice  is  called  pamrealu  ramin. 
It  is  a  milk -coagulating  enzyme  whose  action  is  very  similar  to  that 
oltbe|aj/rfc  renmn  found  in  the  gastric  juice.  It  is  supposed  to  show 
bgreatest  acti^ly  at  a  temperature  varying  from  60"  lo  65*0. 


PREPARATION  OF  AN  ARTIFICIAL  PANCREATIC  JUICE= 

After  removing  the  fat  from  the  pancreas  of  s  pig  or  sheep,  finely  divide  the 
nps  bjr  means  of  scissors  and  grind  it  In  a  mortar.  If  convenient,  the  use  of  on 
Otdlnaiy  meat  chopper  is  a  very  satisfactory  means  of  preparing  the  pancreas. 

When  finctf  divided  as  above  the  pancreas  should  be  placed  in  a  500  c.c. 
9ukt  about  150  c.c.  of  jo  per  cent  alcohol  added  and  the  flask  and  contents  shaken 
Nqnently  for  34  hours.  (What  is  the  reaction  of  this  alcoholic  extract  at  the  end 
of  Qiis  period,  and  why?)  Strain  the  alcoholic  extract  tlirougb  cheese  cloth. 
Ghcr,  nearly  neutralize  with  potassium  hydroxide  solution  and  then  exactly 
macalize  it  with  0.5  per  cent  sodium  carbonate. 


^^Sfci 


Products  of  Tryptic  Digestion 


:  about  aoo  grams  of  lean  beef  which  has  been  freed  from  fat  and  finely 
(round  and  place  it  in  a  large-sized  beaker.  Introduce  equal  volumes  of  the  pau- 
cr»tic  extract  prepared  as  above  and  0.5  per  cent  sodium  carbonate,  add  5  c.c. 
of  ID  alcoholic  solution  of  thymol  to  prevent  putrefaction,  and  place  the  beaker  in 
u  incubator  at  4o''C.  Stir  the  contents  of  the  beaker  frequently  and  add  more 
%niol  if  it  becomes  necessary.  Allow  digestion  to  proceed  for  from  two  to  five 
^Ji  and  then  sepisrate  the  products  formed  as  follows :  Strain  ofl  the  undis- 
Miti  residue  through  cheese  doth,  nearly  neutralize  the  solution  with  dilute 
iiTiltocbloric  add  and  then  exactly  neutralize  it  with  0.2  per  cent  hydrochloric  add. 
Aptecipitatc  at  this  point  would  indicate  alkali  metaprotein  (alkali  albuminate), 
filter  oS  any  precipitate  and  divide  the  filtrate  into  two  parts,  a  one-fourth  and  a 
UiTBe-foarth  portion. 

Transfer  the  one-fourth  portion  to  an  evaporating  dish  and  make  the  sepa- 

ri^QD  of  proteoses  and  peptones  as  well  as  the  final  tests  upon  these  bodies 

iccotding  to  the  directions  given  on  page  no. 

K  Place  about  s  c-c  of  the  three-fourth  portion  in  a  test-tube  and  add  about 

Wt*-  of  bromine  water.    A  violet  coloration'  indicates  the  presence  of  trypto- 


'  BiMr:  y«ur.  £m/.  CAkm.,  16,  517, 1914- 

'  F«r  other  mcCbodK  of  prepar>Ti»n  we  Karl  Mnyx:  Ztttiehrift  ftr  pkytioto^tche  Ckrmir, 


L*KurajeB:  Zril.  fkysul.  CIkik..  36,  501.  iSijS-qy, 
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phuie  (tee  page  77.  Also  tee  glycjri-trrptopbuic  reaction  in  cbaptcr  on  taUh 
tinal  Digeetton).  To  another  5  c.c.  add  10  dropfl  of  concentrated  sulpfanrk  add 
and  to  c.c.  of  a  10  per  cent  solution  of  mercuric  tulpbate  in  5  per  cent  mlptntiic 
acid.  Shalce  the  tube  and  allow  to  stand  five  minutes.  A  yellow  precipitate  oft 
mercury  coo^wund  of  trTplophane  forma.'  Concentrate'  the  remainder  of  ih 
three-fourtlis  portion  to  a  thin  sjmip  and  make  the  separation  of  leucine  and  tjTt- 
sine  accorditig  to  the  directions  given  on  page  85.  ^ 


GENERAL  EXPERIMENTS  ON  PANCREATIC  DIGESTIOW 


itabM 
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Experiments  on  Tuvpsdj* 

I .  Tke  Most  Favorable  Reaction  for  TiTptic  Digestion.— Prepare  seven  I 
at  follows: 

(a>  a-3  cc  of  neutral  pancreatic  eTtracl+a-3  c.c  of  water. 

(b)  3-J  c.c.  of  neutral  pancreatic  cxtract+a-3  C.C.  of  I  per  cent  sodium  caP- 
bonate. 

(c)  3-3  cc.  of  neutral  pancreatic  eztntct+3-3  cc  of  0.S  per  ecat 
carbonate. 

(d)  i'i  cc.  of  neutral  pancreatic  eztract+1-3  ex.  of  a  per  cent 
cUoric  acid. 

(e)  1-3  cc  of  neutral  pancreatic  extract+a-j  cc  of  0.1  per  cent  combined 
bydiochloric  add. 

(f)  2-i  cc  of  neutral  pancreatic  extract+a-j  cc  of  0-4  per  cent  boric  acid. 

(g)  3-3  cc.  of  neutral  pancreatic  eztrBCl-fa-3  cc.  of  0.4  per  cent  acetic  add. 
Add  a  small  piece  of  fibrin'  to  the  contents  of  each  tube  and  keep  Ihem  at  40'C 

noting  the  progress  of  digestion.  In  which  lube  do  we  find  the  most  satistectoty 
digestion,  and  why?  How  do  the  indications  of  the  digestion  of  fibrin  by  trypsB 
differ  from  the  indications  of  the  digestion  of  fibrin  by  pepsin? 

1.  The  Most  Favorable  Temperature.— iTor  this  and  the  f oUowing  serias  of 
experiments  under  tryptic  digestion  use  the  neutral  extract  plus  an  equal  Tohmu 
of  0.5  por  cent  sodium  carbonate.)  In  each  of  four  tubes  place  5  c.c  of  aIkaHD« 
pancreatic  extract.  Immerse  one  tube  in  cold  water  from  the  faucet,  keep  > 
second  at  room  temperature  and  place  a  third  in  the  incubator  or  water-bath  it 
40''C.  Boil  the  contents  of  the  fourth  for  a  few  moments,  then  coot  and  also  keep 
it  at  40*^.  Into  each  tube  introduce  a  small  piece  of  fibrin  and  note  the  progics 
of  digestion.  In  which  tube  does  the  most  rapid  digestion  occur?  What  il  Hit 
reason? 

3.  Influence  of  Bile.  -Prepare  three  tubes  as  follows: 

(a)  5  c.c.  of  pancreatic  eitract+i/a-i  c.c.  of  bile. 

(b)  5  c.c  of  pancrcAtic  citract+5  c.c.  of  bile- 


d 


'  It  haa  beta  dumed  that  a  limilar  jrdlow  p[tcii>iute  forms  in  tbepTewBCeoffTrMiWi 
cytline  and  polj-prptidM.  For  qu-inlilntiiie  estimation  of  Uj-ptophooc  i«e  Uom«t:  Jt»- 
Biol.  CMnn.y  11,  jCv.  lU'S 

*  If  the  wluttun  is  alkalliip  in  rcactiuD,  while  it  i«  beinK  coiiccnitaletl,  the  amino  uid) 
will  be  broken  dawn  and  ammonia  will  be  liberated. 

'  For  these  cipcrimrnisas  woll  m  fur  those  on  the  other  pancreatic  encyroct  Cdtoiiis- 
cial  prvparitluus  of  Irypiiti  and  pantrtaltn  may  be  eniplo>'e(r. 

*  Conio  tid  fibrin  mav  be  uicd  in  Ihi*  and  the  following  teat*  OK  tryptic  diction.  U 
uRcd  the  expcrimrnu  should  be  made  at  room  temperature.  Foe  prcporatMo  d  tbi> 
fibrin  »ce  Chapter  1, 
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■  (e)  5  c^.  of  pancreatic  ezlnct. 

I    latToduce  into  each  tube  a  small  pteco  of  flbrin  and  ke«p  them  at  40°C. 

%bake  the  tubes  frequently  and  note  the  progress  of  digestion.    Does  thepres- 

CDCe  of  bile  retard  tryptic  digestion?    How  do  these  results  agree  with  those 

obtained  und  er  gastric  digeetiOD? 

4.  QuantitAtivc  Determination  of  Tryptic  Actrnty.' — Gross'  Method.— This 

I  ueAod  is  based  upon  tb«  pcinciple  that  faintly  alkaJlne  solutions  of  casein  an 

pKtipittted  upon  the  addition  of  dilute  (i  per  cent)  acetic  add  whereas  its  digestion 
products  are  not  so  precipitated.  The  method  follows :  Prepare  a  series  of  tubes 
Hch  containiiiK  10  c.c.  of  a  0.1  per  cent  solution  of  pure,  fat-free  casein,'  which 
bis  been  heated  to  a  temperature  of  40 'C.    Add  to  the  contents  of  the  series  of 

I  tubes  iscreaalog  amounts  of  the  trypsin  solution  under  i^mwlwMnn,'  and  place 
themat  4o''C.  for  fifteen  minutes.  At  the  end  of  this  time  remove  the  tubes  and 
iddify  the  contents  of  each  with  a  few  drops  of  dilute  (i  per  cent)  acetic  add. 
The  tubes  in  which  the  casein  is  completely  digested  will  remain  clear  when 

I  tciiiified,  while  those  tubes  which  contain  undigested  casein  wiU  become  more 

I  a  lets  turbid  under  these  conditions.  Select  the  first  tube  in  the  series  which 
citaituts  no  turbidity  upon  acidification,  thus  indicating  complete  digestioa  of 
Hit  casein,  and  calculate  the  tij-ptic  activity  of  the  eniyme  solution  under  es- 
uniMtion. 

Cilculation. — ^The  unit  of  tryptic  activity  ts  ao  expression  of  die  power  of  i 
M<  of  the  fluid  tinder  examination  exerted  for  a  period  of  fifteen  minutes  on  10 
t.c.  of  a  0.1  per  cent  casein  solution.  For  example,  if  0.5  c.c.  of  a  trypsin  solu- 
tion  completely  digests  10  cc.  of  a  o.i  per  cent  solution  of  casein  in  fifteen 

I  minutes  the  activity  of  that  solution  would  be  expressed  as  follows: 

Tryptic  activity  =  1  -^  0.5  =  1. 

Such  a  trypsin  solution  would  be  said  to  possess  an  activity  of  2.  If  0.3  c^. 
Id  the  trypsin  solution  bad  been  required  the  solution  would  be  said  to  possess  an 
[utility  of  3.3; !.«.,  1+0.3-3.3. 

Experiments  on  Pancreatic  Amvl,vse 

I.  The  Host  Favorable  Reaction. — Prepare  seven  tubes  as  follows: 

(a)  I  cc  of  neutral  pancreatic  extract +r  c.c.  of  starch  paste +3  c.c.  of 
nter. 

(b)  t  cc  of  neutral  pancreatic  extract+i  c.c.  of  starch  pasle+3  cc  of 
I  per  cent  sodium  carbonate. 

(c)  r  cc.  oi  neutral  pancreatic  extract  +  i  C.c  of  Starch  paste+i  cc  of 
^  pec  cent  sodium  carbonate. 

(d)  f  t^.  of  neutral  pancreatic  extract+i  cc  of  starch  paste+a  cc.  of 
oj  per  cent  hydrochloric  acid- 
Shake  each  tube  thoroughly  and  place  them  In  the  incubator  or  water-bath 

il40°C.  At  the  end  of  a  half-hour  divide  the  contents  of  each  tube  into  two  parts 
ud  test  one  part  by  the  iodine  test  and  the  other  part  by  Fehling's  test.    Where 

'  Foe  a  disciuaioD  of  Spcnc^f't  method  for  the  quaotilAtive  detetmioation  of  trypsn 
it  OMuek  c^nttHlt  M«  chapirr  on  GMtnc  Analysis. 

'Had*  bydlMolviBit  i  Krim  uf  GrUbler's  caiein  in  a  liter  of  o.i  per  cent  McUum  car- 
boMte.    A  utile  chloroform  may  be  added  to  prerenl  bacterial  action. 

*Tbc  amouot  of  loluimn  used  may  vary  from  o.i-i  c.c  The  mcature meats  may 
Bvtaicntly  be  made  by  means  of  a  1  cc.  graduated  pipette. 
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do  you  find  the  most  satisfactory  digestioft?  How  do  (he  results  compare  «tt 
those  obtained  from  the  similar  series  uoder  Trypsiii,  pa^e  igo? 

2.  The  Most  Farorable  Temperature.— 1  For  this  and  the  following  seiietit 
experimeiits  upon  pancreatic  amylase  use  the  neutral  extract  plus  an  eqoaltal* 
tmu  of  0.5  per  cent  sodium  CAibonate. )  In  each  of  four  tubes  place  3-3  C4-  if 
alkalme  paocieatic  eztracl.  Immerse  one  tub«  in  cold  water  from  the  faaCM, 
keep  a  second  at  room  temperature,  and  place  a  third  on  the  water-bath  at  4o*C 
Boil  the  contents  of  the  fourth  for  a  few  moments^  then  cool  and  also  keep  it  ll 
4o''C.  Into  each  tube  introduce  3-3  c.c.  of  starch  paste  and  note  the  profrev*! 
direction.  At  the  end  of  one-bslf  hoar  divide  the  contents  of  each  tube  into  tn 
puts  and  test  one  part  by  the  iodine  test  and  the  other  part  by  Fehling's  leal 
In  which  tube  do  you  find  the  most  satisfactory  digestion?  How  does  this  res^ 
compare  with  the  result  obtained  in  the  similar  series  of  experiments  uadK 
Tryp6Jn  (see  page  190)?  ■ 

3.  Inltueoce  of  Bile.  -Prepare  three  tubes  as  follows: 

(a)  3-3  c.c  of  pancreatic  extraci+3-3  c.c.  of  starch  paste+i/3-1  ccji 
bile. 

(b)  a-3  cc.  of  pancreatic  extract +3-3  ex.  of  starch  paste -1- 5  cc  of  bile- 
(e)  2-'3  cc.  of  pancreatic  extract+1-3  cc  ot  starch  paste. 
Shake  (ho  tubas  thoroughly  and  place  thorn  in  the  incabalor  or  waiei-bafl 

at  40 °C.  Note  the  progress  of  digestion  frequently  and  at  (he  end  of  a  half-hour 
divide  the  contents  of  each  tube  into  two  parts  and  test  one  part  by  the  iodine 
teat  and  the  other  part  by  FebUng's  lest.  What  are  your  conclusioiu  regardinc 
the  influence  of  bile  upon  the  action  of  pancreatic  amylase? 

4.  Digestion  of  Dry  Starch.— To  a  Ultle  dry  sUrch  in  a  test-tube  add  about 
5  cc  of  pancreatic  extract  and  place  the  tube  in  the  incubator  or  water-balh  it 
40''C.  At  the  end  of  a  half-hour  filler  and  test  separate  portions  of  the  filtitte 
by  the  iodine  and  Fehling  tests.  What  do  you  conclude  regarding  the  acdOQOf 
poncreadc  amylase  upon  dry  starch?  Compare  this  result  with  that  obtained  in 
the  similar  experiment  under  Salivary  Digestion  (page  60). 

S'  Diges(ii>n  of  Inulin.—  To  5  c.c.  of  iiiuliii  solution  in  a  test-tube  add  10  drops 
of  puncrcutic  extract  and  pliice  the  lube  in  the  liicubfttor  or  watei-bath  at  40°C. 
After  onohslf  hour  test  the  soluiion  by  Fchling's  test.'  Is  any  reducing  substiact 
present?  What  do  you  conclude  regarding  ilic  digestion  of  inulin  by  panocslic 
amylnsr? 

6-  QuanliUtive  Determination  of  Amylolytic  Activity.-  -Wohlgemutli's 
Method.'  Arrange  a  series  of  test-tubes  with  diminishing  quantities  of  A> 
enzyme  solution  tmder  examinationi  introduce  into  each  tube  s  cc  of  i  percent 
solution  of  soluble  starch'  and  place^ach  tube  a(  once  in  a  bath  of  ice^watei' 

'  If  IlifinullnMluttonicivesarcduciiuD  bHori'  Uvin^  ^dtd  upon  by  thcpincmtk  jiDCi| 
it  will  be  nccruor)*  to  dcicrminc  the  extent  of  theoiisiiul  reduction  by  mcaaioi  a  "check' 
i«»e  (see  p.  4;). 

*  Wohlxcmutli:  Biudttmitehr  Zeittckrift.  0,  i,  igoS. 

•  Kahlbiium'5  soluble  AUrch  is  lalisfictory.  In  pretwriDg  the  I  per  cent  solution,  th 
treigbed  utardi  pdwdei  ttiould  be  diualvcd  in  cold  diitilled  water  in  a  coHerolc  xtA  >Iine( 

..-.Ti  „  I ^J- ^. ^_,'    .^  r^    .i..^J t       •p\ J_. .L^..IJ  .1,--  t^  I .-J    :.L  -*_ 


atantHticrinjc,  until  it  is  clear.     Thijkcrdinnrily  takes  abuut  S-iomiuulcs.     A  BUahllyopaqu 


until  a  liomogtncou*  susfwnsiuii  i«  obtained.    Tlic  mixture  should  then  be  healed,  wiih  wo 

icriiiK,  until  it  isckai 
solution  a  tbut  obtained  whi(h  should  l>e  cooled  and  nude  up  to  the  proper  volunte  bcfov 
lining. 

*  Ordinarily  a  icries  ■>■  tix  tubes  is  salislaclury.  the  volume*  of  the  enzyme  (olvtion  use- 
nuidnf;  from  i  ex.  to  o,  t  c.c.  and  the  measurements  being  mude  by  means  of  a  i  c.c.  gradu 
Btcd  pipclle.  F.arh  tube  should  be  plnced  in  the  ice-walci  Uith  as  Mon  u  the  staicb  tolu 
tion  r»  introduced.    It  will  be  lound  cutivenlent  to  um  a  small  wire  basket  10  bold  the  lubM 
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Wh«D  all  th«  tubes  have  be«n  prepared  in  this  way  and  placed  in  the  ice-water 
b«tb  tfa«7  are  transferred  to  a  water-bath  or  tncubator  and  kept  at  jS°C.  for  from 
30  mioutes  to  an  hour.'  At  the  end  of  thU  digestion  period  the  tubes  are  again 
removed  to  the  bath  of  ice-water  in  order  that  the  acti&n  of  the  eniyme  may 
be  Slopped. 

Dilute  the  contents  of  each  tube,  to  within  about  i  .1  inch  of  the  top,  with 

water,  add  one  drop  of  a  N/io  aolutioQ  of  iodine  and  shake  the  tube  and  contents 

lliennichly.    A  series  of  colors  ranging  from  dark  blue  through  bluish  violet  and 

reddish  yellow  loyellow,  will  be  formed.'    The  dark  blue  color  shows  the  presence 

ot  imcbanted  starch,  the  bhiisb-violet  indicates  a  mixture  of  starch  and  erytbro- 

Icztrin,  whereas  the  reddish-yellow  signifies  that  eiythrodextiin  and  maltose  are 

gWSBnt  and  the  yellow  solution  denotes  the  complete  tratisfonDatioa  of  starch 

iato  nultOM.    Examine  the  tubes  carefully  before  a  white  background  and  select 

ftc  last  tube  in  the  series  which  shows  the  entire  absence  of  all  blue  color,  thus 

indicatii^  that  the  starch  has  been  completely  transformed  into  deitrins  and 

npt-    In  case  of  indecision  between  two  tubes,  add  an  extra  drop  of  the  iodine 

tnhition,  and  observe  them  again,  after  shakiDg. 

Calcalattott. — The  amylolylic  ac  tivity '  of  a  given  solution  is  expressed  in  terms 
>I  tlie  activity  of  i  c.c.  of  such  a  solution.  For  example,  if  it  is  found  that  0.02 
CC  of  an  amylotytic  solution,  acting  at  sS'C,  completely  transformed  the  Starch 
b  s  <>C-  of  a  I  per  cent  starch  solution  in  30  minutes,  the  amylolytic  activity  of 
neb t solution  would  be  expressed  as  follows: 

Tbis  bdicales  that  i  c.c.  of  the  solution  under  examination  possesses  the  power 
<A  tonpletety  d^estinc  350  c.c.  of  i  per  cent  starch  solution  in  30  minutes  at 
3PC. 

WOtalgeinuth  has  Kiigg^sted  a  slight  alteration  in  the  above  procedure  for  use 
bittitdetetntination  of  the  amylase  content  of  the  feces."     A  modification  of  the 
I  Vgblgemutfa  procedure'  for  this  purpose  is  given  in  the  chapter  00  Feces. 


Experiments  on  Pancreatic  Lipase 

l.  litmus-milk"  Test.— Into  each  of  two  test-tubes  introduce  10  c.c.  of  milk 
■ad  1  tmall  amount  of  litmus  solutioo.  To  the  contents  of  one  tube  add  3  c.c. 
*(iwitral  pancreatic  extract'  and  to  the  contents  of  the  other  tube  add  3  c.c.  of 
Wtt  ta  of  boiled  ncutrnl  pancreatic  extract.  Keep  tbe  tubes  at  4o''C.  and  note 
u^dttoges  which  may  occur.    What  is  the  result  and  how  do  you  explain  it? 

i.  Ethyl  Butyrate  Test. — Into  each  of  two  test-tubes  introduce  4  cc.  of  water, 

)  M.  of  ethyl  butyrate,  CiHiCOO-CiHi,  and  a  small  amount  of  litmus  powder. 

To  tbe  contents  of  one  tube  add  4  c.c.  of  neutral  pancreatic  extract  and  to  the 

I     UBtMts  of  the  other  tube  add  4  c.c.  of  water  or  of  boiled  neutral  pancreatic  ex- 

^B     'luiget  digestioa  periods  may  be  used  where  it  is  deemed  advi^hlc.     If  exceedingly 
^■n^lolutioasarc  bcinaiDvn^iitcd.Jt  may  be  mo^t  satisfactory  to  pcrmil  tbcdigtslion  to 
^ftsnimaa  period  0114  liuurv 
r      !5f«^s6- 

'bmaled  by  "D"  the  fim  letter  of  "diasUtic." 

'Vtl^niuth:  BtttiHtT  Uittwlu  Wothmtdaifl,  47.  gi,  igio. 


*BMi:  Anhhes  </  InUtiuiI  l/nfictiM,  t,  sci,  1911. 
'Commercial  pttnertMin  may  be  used  in  ttUI  le»l  if  desired. 
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tract  Keep  tiie  tubei  at  ^/a'C.  and  obteire  u;  dmnge  iriiich  ma;  octst 
What  is  the  result  and  how  do  you  eqilais  it?  Write  the  equation  for  Uie  mc- 
tioD  which  has  takea  place. 

Experiments  on  Pancbeatic  Rennin 

Prepare  four  test-tubes  ai  follows : 

(a)  8  cc  of  milk+io  drops  of  neutral  pancreatic  extract 

(b)  5  C.C.  of  milk+30  drops  of  neutral  pancreatic  extract 

(c)  5  c.c.  of  mUk+io  drops  of  alkaline  pancreatic  extract 

(d)  5  cc  of  milk 4-30  drops  of  alkaline  pancreatic  extract 

Place  the  tubes  at  6o''-6s''C.  for  a  half  hour  without  iliakin(.  Note  Oi 
foimation  of  a  cIot>  How  does  the  action  of  pancreatic  rennln  compare  nitftOt 
action  trf  the  gastric  rennis? 

'  This  ruction  will  not  always  succeed,  owing  to  conditions  wUcb  «xe  not  wdl  UDda>- 
Itood. 


CHAPTER  XI 
INTESTINAL  DIGESTION 


Strictly  speaking,  all  digestive  processes  whidi  take  place  in  the 
iaiestiae  may  be  classed  under  Intestiniil  Digestion.  However,  we  will 
consider  under  Intestinal  Digestion  only  those  digestive  processes 
«iiidi  are  brought  about  by  enzymes  which  have  their  origin  in  the  inUi- 
tint.  The  activities  of  those  enzymes  which  originate  in  the  pancreas 
ve  have  considered  to  Chapter  X  under  Pancreatic  Digestion. 

TTic  enzymes  of  the  intestinal  juice  (suecus  entericus)  arc  of  great 
bporlance  to  the  animal  organism.  These  enzymes  include  erepstit, 
wcr«i«,  maliase,  lactase,  nueleases,  and  enteroktnase. 

Erepsin  is  a  proteolytic  enzyme  whidi  has  the  property  of  acting 
upOD  the  proteoses,  peptones,  and  peptides  which  are  formed  through  the 
wlion  of  trypsin,  and  further  splitting  them  into  amino-acids.  Ercpsiu 
has  no  power  of  digesting  any  native  proteins  except  caseinogen.  hts- 
tone^  and  protamines.  It  possesses  its  greatest  acti%'ity  in  an  alkaline 
whtion,  althou^  it  is  slightly  active  in  acid  solution.  An  extract  of  the 
intf$tina)  erepsin  may  be  prepared  by  treating  the  finely  diNided  intes- 
tine of  a  cat,  dog,  OT  pig  with  toluol-  or  chloroform-water  and  permitting 
the  mixture  to  stand  with  occasional  shaking  for  24-72  hours.  Eiut>'ines 
wahr  to  erepsin  occur  in  various  tissues  of  the  organism. 

la  cases  of  gastric  cancer  a  pepUdc-splitting  enzyme  is  claimed  to 
be  present  in  the  stomach  contents.  The  glycyl-tryptophane  test  is 
Jomelimes  used  for  its  detection.  Some  investigators  claim  that  the 
ptpiide-splitting  power  of  gastric  juice  in  cancer  is  generally  due  to  the 
ttpifgitation  of  trypsin  or  erepsin  from  the  intestine  or  to  the  presence 
in  the  gastric  contents  of  swallowed  saliva  which  possesses  peptolytic 
power.  The  pcptidc-splitting  power  of  saliva  may  be  due  to  a  specific 
oiiyme  or  to  the  presencv  of  bacteria  (see  Glycy  I  tryptophane  Reaction, 

The  three  invertases  sucrose,  maliase,  and  lactase  are  also  important 
ttuynits  of  the  intestinal  mucosa.  The  sucrose  acts  upon  sucrose 
ud  inverts  it  with  the  formation  of  invert  sugar  (glucose  and  fructose). 
Some  investigators  claim  that  sucrasc  is  also  present  in  saliva  and 
l*ilric  juice.    It  probably  docs  not  exist  normally  in  either  of  these 
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digestive  juices,  however,  and  if  found  owes  its  presence  to  the  excretory 
processes  of  certain  bacteria.  Sucrases  may  also  be  obtained  fnHD 
several  vegetable  sources.  Fot  investigational  purposes  it  is  ordinarily 
obtained  from  yeast  (see  page  14).  It  exhibits  its  greatest  activity 
in  the  presence  of  a  slight  acidity,  but  if  the  addity  be  increased  to  aay 
extent  the  reaction  is  inhibited. 

Liclase  is  an  enzyme  which  inverts  lactose  with  the  consequent 
formation  of  glucose  and  galactose.  Its  action  is  entirely  analogous, 
in  type,  to  that  of  sucrase.  It  has  apparenUy  been  proven  that  lactase 
occurs  in  the  intestinal  mucosa  of  the  young  of  all  animals  whidi  su(^ 
their  offspring.'  It  may  also  occur  in  the  intestinal  mucosa  of  certain 
adult  animals  if  such  animals  be  maintained  upon  a  ration  contuning 
more  or  less  lactose.  Fischer  and  Armstrong  have  demonstrated  the 
reversible  action*  of  lactase. 

Maltase  possesses  the  power  of  splitting  maltose,  the  end-product 
of  the  digestion  of  starch,  into  glucose.  It  was  first  discovered  in  the 
urine  and  shortly  after  this  time  its  presence  was  noted  in  the  snuU 
intestine  and  the  saUva.  Corn  is  sometimes  used  as  the  medium  for 
the  preparation  of  the  enzyme  for  experimental  purposes.  It  occurs 
in  corn  in  a  very  active  state.  It  was  in  connection  with  maltase  thit 
the  principles  of  the  "reversibility  of  enzyme  action"  were  first 
demonstrated. 

Enterokinase  possesses  the  power  of  "activating"  trypsinogen  see 
Chapters  I  and  X).  In  other  words,  trypsinogen  as  formed  by  the 
pancreas  has  no  proteolytic  power,  but  when  this  inactive  trypsino- 
gen reaches  the  intestine  and  comes  into  contact  with  enterokinase  the 
latter  transforms  it  into  active  trypsin.  Enterokinase  is  not  always 
present  in  the  intestinal  juice  since  it  issecreted  only  after  the  pan- 
creatic juice  reaches  the  intestine.  It  resembles  the  enzymes  in  that 
its  activity  is  destroyed  by  heat,  but  differs  materially  from  this  class 
of  bodies  in  that  a  certain  quantity  is  capable  of  activating  only  & 
definite  quantity  of  trypsinogen.  It  is,  however,  generally  clasufied 
as  an  enzyme.  Enterokinase  has  been  detected  in  the  higher  animals, 
and  a  kinase  possessing  similar  properties  has  been  shown  to  be  present 
in  bacteria,  fungi,  impure  fibrin,  l)'mph  glands,  and  snake-venom. 

The  intestinal  juice  and  the  epithelium  of  the  intestinal  wall  con- 
tain enzymes  capable  of  hydrolyzing  nucleic  acids  and  as  these  adds 
are  not  acted  upon  by  the  gastric  juice  and  probably  not  to  any  great 
extent  by  pure  pancreatic  juice,  the  intestine  apparenUy  plays  the  diie* 
role  in  decomposition  or  digestion  of  these  substances.     At  least  two 

'  Mendel  and  Mitchell :  A  mtrican  Jonrnal  u/  Phvsiolcgy,  lo,  8i,  1907. 
'  See  p.  S. 
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enzymes  take  part  in  this  digestion  process,  one  decomposing  the 
audeic  add  with  formation  of  simple  nudcotides  containing  a  single 
jftfcdical  each  of  phosphoric  add,  carbohydrate  and  base  (sec  chapter 
^vb  Nudcic  Adds),  This  cnzjTnc  may  be  called  niuldcacidase.  An- 
other enzyme  present  in  the  intestine  and  intestinal  juice  decomposes 
these  nucleotides  with  the  liberation  of  phosphoric  acid.  'Iliis  enzyme 
may  be  called  nuclrotiilasr  or  f^hosphonudfase.  The  intestinal  mucosa 
also  decomposes  many  other  organic  phosphorus  compounds  with  libera- 
tion of  their  phosphoric  add.'  Thus  glycero-phosphoric  add  and 
hexosc-phosphoric  add  as  well  as  phosphoproteins  are  split  in  a  similar 
manner,  the  phosphoric  acid  they  contain  thus  being  absorbed  in  the 
fiee  form. 


I 


Gekekal  Experiments  on  Intestinal  Digestion 


Demonstration  of  Enterokinase.—TrypsinoKcn  may  be  activated 
by  cnterokinasc.     This  activation  occurs  normally  in  the  intestine. 
L    Calcium  salts  also  bring  about  a  similar  activation  of  the  toTMinogen. 

^B    Frocedore.— Prepare  ao   crtiaci  of  try])smogeii  by  grinding  lo  grams  of  the 
"hsh,  fat-free  pancreas  of  the  pig  with  a  litUe  sand.     Gradually  add  loo  c.c. 
of  »»tcr  during  the  grinding  process.     Strain  through  cheese  cloth. 

Prepare  an  extract  of  enlerokinase  by  grinding  5  grams  of  fresh,  fat-free 
duodenal  mucosa'  of  the  pig  with  a  little  sand.    Gradually  add  ;o  ex.  of  water 
duiing  the  grinding  process.    Strain  through  cheese  cloth. 
Prepare  the  following  series  of  tubes : 
l»)  10  C.C.  pancreas  extract+g  c.c.  water. 

(b)  10  C.c,  pancreas  eitract-fs  C.c.  duodenal  extract, 
fe)    sec.  duodenal exHact -f  to C.C,  water, 
(d)  10  c.c.  pancreas  eitract+s  c.c.  duodenal  extract. 

(c)  to  c.c.  pancreas  extrac(+5  cc  duodenal  extract  (boiled). 
(t)   to  c.c.  pBDCreas  extract+s  c.c.  of  4  per  cent  calcium  chloride. 

Boil  the  contents  of  tube  (d )  for  five  minutes  and  cool  to  4o"C.    Keep  all  six  tubes 
'i40°C.  for  20  minutes. 

to  each  tube  add  5  c.c.  of  10  per  cent  sodium  carbonate  and  mix  the  contents 
'bornughly  and  immediately.  Introduce  into  each  tube  the  same  quantity  (size 
^ipea;  of  fresh  fibrin.  Shake  the  tubes  and  place  them  at  40'^C.  Observe  the 
obet  bequently  for  one  hour  to  note  digestive  changes.  Tubes  (b)  and  (f) 
■iuiild  show  most  rapid  digestion.    Why? 


P:xpe«iments  on  Intestinal  Nucleases 

I-  Pteparation  <A  Intestinal  Extract.— Wash  thoroughly  100  grams  of  pig's 
"•••finf  and  run  through  a  meat  chopper  several  times.  Introduce  into  a  500 
t^  Dixiag  cylinder  and  add  normal  salt  solution  to  make  500  c.c.    Allow  to 

^dried  muciMa  ma>  bu  iut>itiiuteil  11  Ucsiicd. 
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itand  for  6-24  bours  at  room  tempenilure,  shakinc  occastoiuUy,  toluol  befai| 
added  a>  a  preservative.    Strain  and  filter. 

2.  DemoDstration  of  Intestinal  NudeaieB.  -  Prepare  a  a  per  cent  solotloia 
of  jeast  nucleic  add  put  in  solution  with  the  aid  of  Just  sufBcienI  NaOH  solotiati 
to  make  the  resulKne  mixture  neutral  to  litmus.  To  each  of  two  large  lest-tubM 
add  10  c.c.  of  the  intesttnal  extract  prepared  as  above.  Boil  one  for  one  to  twe 
minuteE.  To  each  tube  then  add  to  cc.  of  the  3  per  cent  nucleic  add  solution. 
Add  2~3  cc.  each  of  toluol  and  chloroform  to  each  mixture.  Keep  at  38^  far 
34  hours. 

Heat  the  tubes  to  boiling  in  a  water-bath  to  coagulate  protein.  Add  5  cc  of 
5  per  cent  HCl  and  allow  to  stand  for  one  hour.  This  precipitates  any  unchangtd 
nucleic  acid.  FQter  and  take  aUquots  of  the  filtrate  (about  ao  cc).  Predpitatt 
the  phosphate  from  each  mixture  by  adding  5  c.c.  of  magnesia  mixture  and  5  cc 
of  ammonia.  Allow  to  stand  over  night  A  hear;  precipitate  of  magnesium 
ammoniiun  phosphate  should  be  found  in  the  test  ezpetiment  indicating  that  the 
phosphoric  acid  of  the  nucleic  add  had  been  liberated  by  the  nudeotidasa  of  Ae 
intestinal  extract.    The  control  should  show  only  a  slight  precipitate. 

If  desired  the  phosphorus  of  the  precipitates  may  be  deterraiiivd  qtiuUitativelT 
by  dissolving  in  a  per  cent  HNO„  preciphatisg  as  the  phoepbono^rbdate  aod 
determining  volumetrically  according  to  the  Neumann  procedure  (see  554). 


Experiments  on  Erepsin 

t.  Preparation  of  Erepsin. — Grind  the  mucous  membrane  of  the  smaQ 
tine  of  a  cat,  dog,  or  pig  with  sand  in  a  mortar.     Treat  the  finely  divided 
with  toluol-  or  chloroform -water  and  permit  the  mixture  to  stand,  with  occasiwal 
abaking,  for  34-73  hours.'    Filter  the  extract  thus  prepared  throu^  cotton  aad^ 
use  the  filtrate  in  the  following  experiment 

a.  Demonstration  of  Erepsin. — To  about  5  c.c.  of  a  i  per  cent  solutwo 
Witte's  peptone  in  a  test-tube  add  about  i  c.c.  of  the  erepsin  extract  prepared 
described  aboveand  make  the  mixture  slightly  alkaline  (o.i  percent)  with  sodimB 
carbonate.  Prepare  a  second  tube  containing  a  like  amoimt  of  peptone  solutioa 
but  boil  the  erepsin  extract  before  introdudng  it  Place  the  two  tubes  at  3S*C 
for  two  to  three  days.  At  the  end  of  that  period  heat  the  contents  of  each  lubt 
to  boiling,  filter  and  try  the  biuret  test  on  each  filtrate.  In  making  these  tests 
care  should  be  taken  to  use  like  amounts  of  filtrate,  potassium  hydroxide  and 
copper  sulphate  in  each  lest  in  order  that  the  drawing  of  correct  conclusions  may 
be  facilitated.  The  contents  of  the  tube  which  contained  the  boiled  eitratt 
should  show  a  deep  pink  color  with  the  biuret  test,  due  to  the  peptone  still  present. 
On  the  other  hand,  the  biuret  test  upon  the  contents  of  the  tube  containing  the 
unboiled  extract  should  be  negative  or  exhibit,  at  the  most,  a  faint  pink  or  blat 
color,  signifying  that  the  peptone,  through  the  influence  of  the  erepsin,  has  beeo 
transformed,  in  great  part  at  least,  into  amino-acids  which  do  not  respond  to  the 
biuret  test> 


HI.  I 


•  The  tniynte  may  aiw  be  extracted  by  mean*  of  flycttel  or  oliiUiae  "  pkyjMofk^" 
tolution  a  desired. 

*  Strictly  tftakini,  thi«  crcpsin  demons!  ration  is  HDt  adeqiislc  unl(M  a  control  Ittf 
Is  tnade  with  HotiV  proUin  {rxc«pt  casein,  hittonei  and  protamines)  to  show  that  the 
extract  ii  ttypiiit-frtt  and  digcitt  ptpione  but  not  native  protein. 
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F3.  Tbc  Glycyl-tT;ptDpban«  Reaction. — ^The  dipeptide  glyryl-Uyptophane' 
U]r  be  used  in  pUce  of  Ibe  p«ptone  solution  (or  the  demonstration  of  «tepsLn. 
t  ti  claimed  to  be  of  service  in  the  diagnosis  of  gastric  cancer.  It  is  claimed  that 
ptpdde-splttting  enzyme  (etepsin)  is  present  in  the  stomach  contents  of  indi- 
Idoals  suffering  from  cancer  of  the  stomach,  whereas  the  stOOMeb  contents  of 
lonna]  individuals  contains  no  such  enzyme.  Theglfcyl-tryptopbane  test,  there- 
lire,  may  sometimes  furnish  a  means  of  aiding  in  the  diagnosis  of  this  disorder. 
IS  applied  to  stomach  contents,  the  test  is  as  follows :'  Introduce  sbout  10  cc  of 
be  filtrate  from  the  stomach  contents  into  a  test-tube,  add  a  little  glycyl-trypto- 
ihone  and  a  layer  of  toluol,  and  place  the  tube  in  sn  incubator  at  38^0.  for  34 
Hnus.  At  the  end  of  this  time  by  means  of  a  pipette  transfer  3-3  c.c.  of  the  fluid 
b«m  beneath  the  toluol  to  a  test-tube,  add  a  few  drops  of  3  per  cent  acetic  add 
ai  carefully  introduce  bromine  vapors.  Shake  the  tube  and  note  the  production 
d  t  red  color  if  tryptophane  is  present  The  tryptophane  has,  of  course,  been 
libirated  from  dM  peptide  through  the  action  of  the  peptide-spUtting  enzyme 
(ttepab)  elaborated  by  the  cancer  tissue. 

If  an  excess  of  bromine  is  added  the  color  will  vanish.  If  no  rose  color  Is 
noted,  add  more  bromine  vapors  carefully  with  shaking  until  further  addition  of 
Qie  npors  causes  the  production  of  a  yellowish  color.  This  indicates  an  excess 
ribmoise  and  constitutes  a  negative  test.  Occasionally  llie  rose  color  indicating 
ipDtitiTe  test  is  so  transitory  as  to  escape  detection  unless  the  test  be  very  care- 
Whf  performed. 

Several  failadcs  have  been  pointed  out  in  connection  with  this  test. 
In  the  first  place  tlie  regurgitation  of  duodenal  contents  thcoufih  the 
pylonia  might  insure  the  presence  in  the  stomach  of  erepsin  and  trypsin 
tl&tt  ol  which  possesses  pcptidc-spHtling  power.  It  has  also  been 
darned  that  saliva  couLiins  an  enzyme  capable  of  splitting  glycyl- 
tiyptophane.  Doubt  has,  however,  been  cast  upon  the  dipcptidc- 
fpblting  agent  of  the  saliva  by  Smithies'  and  by  jacque  and  Woodyatt,* 
ibo  point  to  bacteria  as  the  peptolytic  agents.  In  any  event  saliva 
tostuns  something  which  is  capable  of  splitting  the  glycyltrj-plophan, 
Ibnt  making  the  entrance  of  saliva  into  the  stomach  an  important 
soUKe  of  error,  so  far  as  tlie  utility  of  this  test  is  coacerned.  as  a  diagnos- 
tJtiid.  Bacteria  may,  of  course,  be  removed  from  the  gastric  juice  by 
f>*Ui%  the  fluid  through  an  effective  filter. 


Experiments  on  In\'ertases* 


[>■  Pteparatioa  of  an  Extract  of  Sucrose.— Treat  the  finely  dinded  efu- 
Igfrif  the  small  intestine  of  a  dog,  pig,  rat,  rabbit,  or  hen  with  about  3 
■■If  «  2  per  cent  solution  of  sodium  fluoride  and  permit  the  mixture  to 

'^dlpcfitide  b  told  commetcioUv  under  the  ii*me  "Ferment  UitgiuMiooa.'* 
Muhuieraod  Fitcbcr:  Dtmuhtt  ArchhJ.  hlinistlit  Mtdiiiu,  97,  499,  IQ09. 
'Saimo;  AnJi.  Int.  MrJ.,  10,  Jii,  kjii. 
'DjMattDd  Woodyatt:  Areh.  lul.  Med.,  Dec..  :9i).p.  s^o. 
,     tU  Inrerting  Eiuymci  of  the  .Vlimcnlnry  Tract,"  Mendel  and  Mitchdl:  Ameritan 
J^^^i Phyti«t*ty,  10,  81,  190J-08. 


200 


PHVSIOLOGICAI,   CHEMISTRY 


Stand  at  room  temporatuie  (or  34  hours.  Stram  the  extract  through  cloth  at 
«bsotb«»t  cotton  and  use  the  strained  material  in  the  following  drTnonstratioiL 

1.  Demonstration  of  Sucrase.  —To  about  5  c.c  of  a  t  pei  cent  ^lutioa  ol 
sucrose,  in  a  test-tube,  add  about  i  c.c.  of  a  a  per  cent  •odium  fluoride  tntet* 
Itnal  ertract,  prepared  as  described  above.  Prepare  a  control  tube  in  which  d» 
Intestinal  extract  U  boiled  before  being  added  to  the  sugar  solution.  Place  tbc 
two  lubes  at  38''C.  for  t«-o  hours.'  Heal  the  mixture  to  boiling  to  coagulat*  th* 
protein  material,  filter,  and  test  the  filtrate  by  Fehling's  test  {see  page  16). 
The  tube  containing  the  boiled  extract  should  give  no  nspoasc  to  Fehling's  tact, 
whereas  the  tube  containing  the  unboiled  extract  should  reduce  the  Fehllng^ 
solution.  This  reduction  is  due  to  the  formation  of  invert  sugar  isec  page 41) 
from  the  sucrose  through  the  action  of  the  enzyme  sucrase  wluch  is  present  in 
the  intestinal  epithelium. 

For  preparation  and  demonstration  of  Vegetable  Sucrase  8«e  Chapter  I- 

3.  Preparation  o(  an  Extract  of  Lactase. — Treat  the  finely  divided  epithelium 
of  the  small  intestine  of  a  kitten,  puppy,  or  pig  embryo  with  about  3  volumes  of  1 
J  per  cent  solution  of  sodium  fiuoride  and  permit  the  mixture  to  stand  at  room 
temperature  for  24  hours.  Strain  the  extract  through  cloth  or  absorbent  cotton 
and  use  the  atralaed  material  in  the  following  demonstratioa. 

4.  Demonstration  of  Lactase.'— To  about  5  c.c.  of  a  I  per  cent  solution  d 
Iactos«  in  a  test-tube  add  about  i  c.c.  of  a  toluol-water  or  a  a  per  cent  sodium 
fluoride  extract  of  the  first  part  of  the  small  intestine*  of  a  kitten,  puppy,  or  pi| 
embryo  prepared  as  described  above.  Prepare  a  control  tube  in  which  ttae 
Intestinal  extract  is  boiled  before  being  added  to  the  sugar  solution.  Place  dw 
two  tubes  at  38X.  for  24  hours.  At  the  end  of  this  period  add  i  c.c.  of  the  dic«c- 
tion  mixture  to  5  cc.  of  Barfoed's  reagent'  and  place  the  lubes  in  a  boiling  water- 
bath.^  Examine  the  tubes  at  the  end  of  three  minutes  against  a  black  back- 
ground in  a  good  light  If  no  cuprous  oxide  is  visible  replace  the  tubes  and 
repeat  the  examination  at  the  end  of  the  fourth  and  fifth  minutes.  If  oo  rednc- 
don  is  then  observed  permit  the  tubes  to  stand  at  room  lemperattire  tot  j-iv 
minutes  and  examine  again.' 

It  has  been  determined  that  disaccharide  solutions  will  not  reduce  Barfbtd's 
reagent  until  after  they  have  been  heated  for  g-to  minutes  on  a  boiling  waMr- 
bath  in  contact  with  the  reagent.'  Therefore  in  the  above  test,  if  the  tube  coo- 
taining  the  unboiled  extract  exhibits  any  reduction  after  being  heated  as  tndlcattdt 
for  a  period  of  five  minutes  or  less,  and  the  control  tube  containing  boiled  eitntt 
shows  no  reduction,  it  may  be  concluded  that  lactase  was  present  in  the  LnieetiBil 
extract.* 


'  If  a  poijtive  result  h  not  obtajned  in  this  time  permit  the  digestion  to  pmcMd  Hta 
longer  pcrinil. 

'  Kuaf:  Sio-Ckmicttl  Journal,  3,  iSi.  iijoS. 

■  Duodeoum  and  first  pott  of  jcrunum.  . 

*  To  4.5  grnnii  of  nculrai  cr)~staUi/c(l  cnppcr  acetate  in  oooc.C.  of  water  add  ttAcx. » 
glacial  ac«lic  acid  nnd  make  the  Intsl  volume  of  the  solution  I  liter, 

*  Ca,re  should  be  tukm  In  see  that  the  water  in  the  bath  readies  at  It«sl  to  the  upp^ 
level  of  the  contents  of  (he  tubes. 

*  Sometlmrs  llic  drawirtK  of  conclusions  is  fuciljtxicii  by  pourlait  the  mixture  (ron  tl** 
tube  mid  exuminiiiit  the  bottom  of  the  tube  for  adherent  cuprous  oxide. 

'  The  heating  (or  9~ta  minutes  is  sufficient  to  uansiorm  the  diioccfaaride  into  bcoiO* 
saccharide. 

*  The  reduction  nould,  of  course,  be  due  lo  the  action  uf  the  [Jural*  and  (OfMW^ 
which  had  been  formed  from  the  lactose  through  the  action  of  the  euyme  hMit, 
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5.  nropantkni  of  an  Extract  of  Maltase. — ^Treat  Qie  finely  divided  epithelium 
4  ttte  nnall  intestine  of  a  cat,  kitten,  or  pig  (embryo  or  adult)  with  about  3 
whiDne  of  a  a  per  cent  aohition  of  sodium  fluoride  and  pennit  the  mixture  to 
toad  at  room  temperature  for  34  hours.  Strain  Qie  extract  through  doth  and 
■•  fha  itntaMd  material  In  flie  f  dlo>wing  demonstration. 

6.  Demonstntion  of  Haltaae. — ^E^oceed  exactly  as  Indicated  in  the  demon- 
Aratiao  of  lactase,  p.  aoo,  except  Oiat  a  i  per  cent  sdution  of  maltose  Is  safa- 
Atoted  for  Oie  lactose  solution.  The  extract  used  may  be  prepared  from  the 
9per  part  of  the  intestine  of  a  cat,  kitten,  or  pig  (embryo  or  adult).  In  the  case 
rf  lactase,  as  indicated,  Ae  intestine  used  eboutd  be  ttut  of  a  kitten,  pup^,  or 
^  (embfyo). 


CHAPTER  Xn 

BOB 

The  bile  is  secreted  continuously  by  the  liver  and  passes  in' 
intestine  through  the  common  bile  duct  which  opens  near  the  p> 
Bile  is  not  secreted  continuously  into  the  intestine.  In  a  fasting  a 
no  bile  enters  the  intestine,  but  when  food  is  taken  the  bile  b^ 
flow;  the  length  of  time  elapsing  between  the  ingestion  of  the  foo 
the  secretion  of  the  bile  as  well  as  the  qualitative  and  quantitative 
acteristics  of  the  secretion  depending  upon  the  nature  of  the  food  log 
Fats,  the  extractives  of  meat  and  the  protein  end-products  o 
trie  digestion  (proteoses  and  peptones) ,  cause  a  copious  secretion  o 
whereas  such  substances  as  water,  adds  and  boiled  starch  pasi 
to  do  so.  In  general  a  rich  protein  diet  is  supposed  to  increai 
amount  of  bile  secreted,  whereas  a  carbohydrate  diet  would  a 
much  less  decided  increase  and  might  even  tend  to  decrease  the  an 
It  has  been  demonstrated  by  Bayliss  and  Starling  that  the  secret 
bile  is  under  the  control  of  the  same  mechanism  that  regulates  th 
of  pancreatic  juice  (see  page  185).  In  other  words,  the  hydroc 
acid  of  the  chyme,  as  it  enters  the  duodenum  transforms  prose 
into  secretin  and  this  in  turn  enters  the  circulation,  is  carried  I 
liver,  and  stimulates  the  bile-forming  mechanism  to  increased  ad 

We  may  look  upon  the  bite  as  an  excretion  as  well  as  a  secretiot 
the  fulfillment  of  its  excretory  function  it  passes  such  bodies  as  let 
metallic  substances,  cholesterol,  and  the  decomposition  produi 
hemoglobin  into  the  intestine  and  in  this  way  aids  in  removing 
from  the  organism.  The  bile  assists  materially  in  the  absorptJ 
fats  from  the  intestine  by  its  solvent  action  on  the  fatty  acids  f< 
by  the  action  of  the  pancreatic  juice. 

The  bile  is  a  ropy,  viscid  substance  which  is  usually  alkaline  ir 
tion  to  litmus,'  and  ordinarily  possesses  a  decidedly  bitter  taste.  It 
in  color  in  the  different  animals,  the  principal  variations  being  y 
brown  and  green.  Fresh  human  bile  from  the  living  organism 
narily  has  a  green  or  golden-yellow  color.  Post-mortem  bile  is  va 
in  color.  It  is  very  difficult  to  determine  accurately  the  amoi 
normal  bile  secreted  during  any  given  period.     For  an  adult  n 

'  It  docs  not  contain  more  than  a  slight  excess  of  liydioxyl  ions,  however. 
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^k  been  variously  estimated  at  from  500  c.c.  to  iioo  c.c.  for  34  hours.          ^H 

Hie  specific  gravity  of  th«  bile  varies  between  i.oto  and  1.040,  and          ^M 

^ac  freezing-point  is  about  —o.$6''C.    As  secreted  by  the  liver,  the          ^| 

bile  is  a  clear,  limpid  fluid  whidi  contains  a  relati%'ely  low  content  of           ^M 

solid  matter.     Such  bile  would  have  a  specific  gravity  of  approximately           ^M 

J.01O.     After  it  readies  the  gall-bladder,  however,  it  becomes  mixed          ^| 

vith  mucous  material  from  the  walls  of  the  gall-bladder,  and  this  proc-          ^| 

'  ess  coupled  with  the  continuous  absorption  of  water  from  the  bile  has          ^^ 

s  tendency  to  concentrate  the  secretion.    Therefore  the  bile  as  we  find  it          ^H 

^  ifl  llie  gall-bladder  ordinarily  possesses  u  higher  specific  gravity  than          ^H 

th»t  of  the  freshly  secreted  fluid.     The  specific  gravity  under  these     ^^^B 

1  conditions  may  run  as  high  as  1-040.                                                           ^^^| 

The  principal  constituents  of  the  bile  are  the  salts  of  the  Hie  acids,      ^^^B 

bile  fiignKitts,  neutral  fats,  lecithin,  phosphatides,  nucleoprotein,  mucin,            ^| 

and  ctioUsterol,  besides  the  salts  of  irem,  copper,  calcium,  and  magnesium.       ^^^^ 

Zinc  has  also  frequently  been  found  in  traces.                                            ^^^| 

The  quantitative  composition  of  bile  varies  according  to  the  source     ^^^B 

^  the  bile,  i.e.,  whctht-r  the  bile  for  analysis  is  obtainc<l  from  the  gall-      ^^^B 

H QU.^NTITATIVE  COMPOSITION'  OF  BILE'                                     ^^H 

^^^^^^B                                     {Parts  per  looo)                                                               ^^^| 

^^^^^^     CoonllucBt 

Bladder  bile.                 Biliary  fi»tuU,          ^^^H 
Hanunartsen*                KcMitblooa'            ^^^H 

^^<n         819.7 

1  «    ,                                                                                                                     ^M 

1    Mtoa  ud  pigmentt 41.9 

^^1 

^Qifattwl «  9 

H 

1 

f  htft 

it.a< 

1 

W 

^"opiic  Duller . ,    .       .    . 

S' 

9" 

MiruUf 

lodudcd  und«  "aiMps" 

t.l 

'Fnr  oiher  inBly«c>  tee  Cxylharx,  Fucht  anil  v.  FUctb:  Bioch.  Zeit,,  49.  110^   1913. 
'Hunniat^ltu:  FiiKintakH'}  Med.'Ckem.  I^i.  Hiijibucli,  Leipzig,  1911,  p-  jBg. 
KtMoUoom:  Jmir.  Biol.  Chtm.,  t4,  Ut.  1913. 
'lachdc*  (>uy  add*. 
^B      'ncludM  chofcsttrol  cH*n. 
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bUdder  or  by  means  of  a  fistula  before  it  reaches  the  gall-bUddff. 
The  variation  in  the  composition  of  these  two  types  of  bile  is  shown  iti 
the  preceding  selected  analyses : 

The  bile  adds,  which  are  elaborated  ezcluuvety  by  the  hqatiG' 
cells,  may  be  divided  into  two  groups,  the  glycochelic  add  group  ud 
the  iauTOcholic  add  group.  In  human  bile  glycodiollc  add  predoni- 
nates,  while  taurocholic  acid  is  the  more  abundant  in  the  bile  of  ca^ 
nivora.  Tht  bile  acids  are  conjugate  amino-adds,  the  glycocholic 
acid  yielding  glycocoU, 

CH,NH, 

COOH, 

and  ckolk  acid  upon  decomposition,  whereas  taurocholic  add  pve 
rise  to  taurine, 

CHiNHi 

CH.SOrOH, 

and  cholic  acid  under  like  conditions.  Glycocholic  add  contains  soine 
nitrogen  but  no  sulphur,  whereas  taurocholic  add  contains  both  these 
elements.  The  sulphur  of  the  taurocholic  add  is  present  in  the  tauiine 
(amino-ethyl-sulphonic-add),  of  which  it  is  a  characteristic  constituent 
There  are  several  varieties  of  diolic  add  and  therefore  we  have  seven! 
forms  of  glycocholic  and  taurocholic  adds,  the  variation  in  constitution 
depending  upon  the  nature  of  the  cholic  add  which  enters  into  the  com- 
bination. The  bile  acids  are  present  in  the  bile  as  salts  of  one  of  the 
alkalis,  generally  sodium.  The  sodium  glycocholate  and  sodium  tau- 
rocholate  may  be  isolated  in  crystalline  form,  dther  as  balls  or  rosettes 
of  fine  needles  or  in  the  form  of  prisms  havii^  ordinarily  four  or  six 
sides  (Fig.  55,  page  205).  The  salts  of  the  bile  adds  are  dextro-rotatory- 
Among  other  properties  these  salts  have  the  power  of  holding  the 
cholesterol  and  ledthin  of  the  bile  in  solution. 

Hammarsten  has  demonstrated  a  third  group  of  bile  adds  in  the 
bile  of  the  shark.  This  same  group  very  probably  occurs  in  certain 
other  animals  also.  These  adds  are  very  rich  in  sulphur  and  resemble 
etheral  sulphuric  acids  inasmuch  as  upon  treatment  with  boiling  hydio- 
chloric  add  they  yield  sulphuric  add. 

The  bile  pigments  are  important  and  interesting  biliary  constitu- 
ents. The  following  have  been  isolated:  bilirubin,  bitiverdin,  6iK- 
fuscin,  biliprasin,  bilihumin,  bilicyanin,  choleprasin,  and  choleldin.  Of 
these,  bilirubin  and  biliverdin  are  the  most  important  and  predominate 
in  normal  bile.  The  colors  possessed  by  the  various  varieties  of  nonnil 
bile  are  due  almost  entirely  to  these  two  pigments,  the  biliverdin  bong 
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the  predominant  pigment  in  greenish  bile  and  the  bilirubin  being  the 
principal  pigment  in  lighter  colored  bile.  The  pigments,  other  than 
hfae  two  just  mentioned,  have  been  found  aUnost  exclusively  in  biliary 
Icalculi  or  Jn  altered  bile  obtained  at  post-mortem  examinations. 

Bilirubin,  which  is  perhaps  the  most  important  of  the  biic  pigments, 
is  apparently  derived  from  the  blood  pigment,  the  iron  freed  in  the 


Fi. 


M.TS. 


being  held  in  the  liver.     Bilirubin  ha.^  the  same  percentage  com- 
ition  as  hematoporphyrin,  which  may  be  produced  from  hcmatin. 
aspedSc  product  of  the  liver  cells,  but  may  also  be  formed  in  other 
of  the  body.     The  pigment  may  be  isolated  in  the  form  of  a 
i-ycllow  powder  or  may  be  obtained  in  part ,  in  the  form  of  reddish- 


« 


# 


Fig.  jiS.— JtoutDBiN  (HsUAioiDUt).    (Oiitn.) 

low  ihomhic  plates  (Fig.  56)  upon  the  spontaneous  evaporation 
"f  its  chloroform  solution.  Tlie  crystalline  form  of  bilirubin  is 
pnclically  the  same  as  that  of  hematoidin.  It  is  easily  soluble  in 
■form,  somewhat  less  soluble  in  alcohol  and  only  slightly  soluble 

!  tther  and  benzene.     Bilirubin  has  the  power  of  combining  with 
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certain  metals,  particularly  calcium,  lo  iorm  combinations  which  iircBi 
longer  soluble  in  the  solvents  of  the  unaltered  pigment.  Up<Hi  lti|| 
standing  in  contact  with  tlie  air.  the  teddi^-yellow  bilirubin  is  oxidiad 
with  the  formation  of  the  green  biliverdin.  Bilirubin  occurs  in  aoio^ 
fluids  as  soluble  biliru bin-alkali. 

Solutions  of  bilirubin  exhibit  no  absorption  bands.  If  an  ammoeit- 
cal  solution  of  bilirubin-alkali  in  water  is  treated  with  a  solution  of  at 
chloride,  however,  it  shows  bands  similar  to  tho^te  of  bilicyanin  (Absoipj 
tioii  Spectra,  Plate  U),  the  two  bands  between  C  ami  D  being  ratld 
well  defined.  i 

BiUvcrdiu  is  particularly  abundant  in  the  bile  of  herbivora.  It  I 
soluble  in  alcohol  and  glacial  acetic  add  and  insoluble  in  water,  cbloiJ 
form,  and  ether.  Biliverdin  in  formed  from  bilirubin  upon  oxidalini| 
It  is  an  amorphous  substance,  and  in  this  differs  from  bilirubin  viud 
may  be  at  least  partly  crystallized  under  proper  conditions.  BiUvetdEl 
may  be  obtained  in  the  form  of  a  green  powder.  In  common  «)d| 
bilirubin,  it  may  be  converted  into  hydrobilirubin  by  nascent  hydroM 

The  neutral  solution  of  bilicyanin  or  cliolecyanin  is  bluish  greeaa 
steel  blue  and  possesses  a  blue  fluorescence,  the  alkaline  solution  i| 
green  with  no  appreciable  fluorescence,  and  the  strongly  acid  solutiooij 
violet  blue.  The  alkaline  solution  exhibits  three  absorption  bands,lil^ 
first  a  dark,  well-defined  band  between  C  and  X>,  somewhat  nearer  Ct 
the  second  a  less  sharply  defined  band  extending  across  D  and  the  tHri 
a  rather  faint  band  between  E  and  F,  near  E  (.Absorption  Spectra,  PUtt 
II).  The  strongly  acid  solution  exhibits  two  absorption  bands,  ImA 
lying  between  C  and  E  and  separated  by  a  narrow  space  near  D.  A 
third  band,  exceedingly  faint,  may  ordinarily  be  seen  between  b  andF. 

Bile  pigments  are  converted  into  urobilinogen  (urobilin)  in  the  iflUs- 
tine.  This  is  absorbed,  carried  to  the  liver  and  rrconverUd  lutoHf 
pignunl.  In  diseases  of  the  liver  the  Uvcr  cell  loses  the  caparit)- 1* 
convert  the  urobilinogen  and  this  is  then  excreted  in  the  urine.  B* 
presence  of  urobilinogen  in  urine,  therefore,  may  be  considered  as  M 
index  oi  functional  liver  incapacity.^ 

Biliary  calculi,  otherwise  designated  as  biliary  concretions  or  ^ 
stones,  are  frequently  formed  in  the  gall-bladder.  These  deposits  Mf 
be  diWded  into  three  classes,  cholesterol  calculi,  pigmettt  calctJi,  Sid 
calculi  made  up  almost  entirely  of  inorganic  material.  This  la&ttbB 
of  calculus  is  formed  principally  of  the  carbonate  and  j^osptute*! 
calciiun  and  is  rarely  found  in  man  although  quite  common  to  atfit, 
The  pigment  calculus  is  also  found  in  cattle,  but  is  more  common t* 
man  than  the  inorganic  calculus.    This  pigment  calculus  ordiniriij' 

*  RowDtm,  Hurwitr  aniJ  Bloomfield:  Johnt  Uofliins  Bptpilcl  BttUttim,  Nov..  HU 


ssts  prindpaJIy  of  bilirubin  in  combination  with  calcium ;  biliverdio 
iiometiine^  found  in  small  amount.  The  cholesterol  calculus  is  the  one 
bund  most  frequently  in  man.  Thcsv  may  be  formed  almost  entirely 
if  cholesterol,  in  which  event  the  color  of  the  calculus  is  very  light,  or 
hey  may  contain  more  or  less  pigment  and  inorganic  matter  mixed 
ritb  the  cholesterol,  which  tends  to  give  us  calculi  of  various  colors. 

'or  diiicussion  of  cholesterol  see  page  355. 
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Experiments  on  Bile 


1 .  Iteaclion. — Test  Ibe  reaction  of  fresh  ox  bile  to  Utmtis,  phcaolphttaatein  and 
00(0  red. 

2.  Nudeprotein.— Acidify  a  small  amouot  of  bile  with  dilute  acetic  acid.  A 
[Capitate  of  nudeoproteiD  fonns.  fiile  acida  will  also  precipitate  here  under 
loper  conditions  of  acidity. 

3.  iDorgaiiic  Coostituents. — Test  for  chlorides,  sutphales,  and  phosphates 
»«  l»«e  59)- 

4.  Tests  for  Bile  Pigments.— Practically  all  of  these  tests  for  bile 
liginents  are  based  on  the  oxidation  of  the  pigment,  by  a  variety  of 
tagents.  with  the  formation  of  a  scric-s  of  colored  derivatives,  e.g., 
liliverdin  (green),  bilic>^anin  (blue),  cholctclin  (yellow). 

(a)  Gmelin's  Test  —To  about  5  c.c.  of  concentrated  nitric  acid  in  a  test-tube 
kid  a-3  c.c.  of  diluted  bile  carefully  so  that  the  two  fluids  do  not  mix.  At  the 
point  of  contact  note  the  Tarious  colored  rings,  green,  blue,  violet,  red  and  reddish 
r<]]ow.    Repeat  this  test  with  different  dilutions  of  bile  and  ot>serre  its  delicacy. 

\b)  Rosenbach's  Modification  of  Gmelin's  Test.— Filter  5  c.c.  of  diluted  bile 
■hrough  a  small  filter  paper.  Introduce  a  drop  of  concentrated  nitric  acid  into 
Ibt  cttie  of  the  paper  and  note  the  succession  of  ctdors  as  given  in  Gmelin's  test 

[t)  Nakajrama's  Reaction.— To  sc.c.of  dilutcdbilcina  tesl-lubeadU  an  equal 
nfame  of  a  10  pet  t^eot  aolulion  of  barium  chtoridr,  centrifugnlc  the  mixture,  pour 
dtbe  supernatant  fluid,  and  beat  the  precipitate  with  3  c.c.  of  Nnkayama's  reagcDt.* 
b  the  presence  of  bile  pigments  the  solution  a!i«unu-»  a  blue  or  green  color. 

(d)  Bnpperf  s  Reaction. — Thoroughly  shake  equal  volumes  of  undiluted  bile 
•al  wlk  of  lime  in  a  (est -tube .  The  pigments  um'te  with  the  calcitun  and  arc  pre* 
CfilUed.  Filter  ofl  ihc  picdpilate,  wash  it  with  water,  and  transfer  to  a  small 
■laktr.  Add  alcohol  acidified  slightly  witli  hydrochloric  add  and  warm  upon  a 
*Ufr-b>th  until  the  solution  becomes  colored  an  emc^niid  green. 

In  examiiung  urine  for  bile  pigments,  according  to  Stccnsma,  this  procedure 
■sy  pve  negative  results  even  in  the  prvKnce  of  the  pigments,  owing  to  the  fact 
>^l  ihc  acid-alcohol  is  not  a  sufficiently  strong  ondizing  agent.  He  therefore 
>*IB(*U  ll>e  addition  of  a  drop  ol  a  o.;  |>er  cent  iulutiuii  of  sodium  nitrite  to  the 
f^-ikohol  mixture  before  wnrming  on  the  wHter-bath.  Try  this  modification  also. 
H(6)  Hammarsten's  Reaction.— To  about  5  c.c.  of  Hammarsten's  reagent*  in  a 
■htp» 

ir?*"lllll .,— J -.  -J  r-  — -» 

""•WW  of  Jj  per  cent  hydrotliloHc  add  and  then  ndding  i  volume  of  this  add  mature 
I'  4  voltuacf  of  05  per  c«nt  alcohol. 


^Rparcd  by  cotnbioiDe  qp  c.c.  nf  alcohol  knd  i  C  r.  o(/uminj  hydrochloric  acid  coa- 

RU4  grains  of  (crrii:  chlondc  per  liter, 

^llinunanten's  teii^tui  U  made  by  mixing  i  volume  of  15  pi-c  cent  nitric  acid  and  ig 
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small  evapontiug  diab  add  a  few  drops  of  diluted  tMle.  A  green  color  b  pmducrd. 
If  more  of  the  rcagcot  b  now  added  the  piny  <A  colon  »  obterved  in  Gmdia's  ua 
may  be  obtamed. 

(f)  Smith's  TesL— To  3-3  ex.  of  diluted  faUe  in  a  ten-tube  add  cartfitlly  tbm 
5  c.c.  of  dilute  tiocturc  of  iodine  (i  :  10)  so  that  the  fiuids  do  not  mix.  A  playtf 
colore,  trtfn,  blue  sn<l  violel.  a  observed.  lu  mukiug  tbU  te»t  upon  the  urine  otdiK 
arily  only  the  green  color  is  obsetvcd. 

(S>  SalkowsJd-Schipper's  Rmctloa.— To  10  c.c.  of  diluted  blJe  in  a  tesi'tube 
add  5  drops  of  a  30  per  cent  «utution  of  sodium  carboiuitc  aod  to  drops  of  a  10  pa 
cent  solution  of  calcjum  chloride.  Filter  of!  the  resultant  piedpitate  upon  1 
hardened  filter  paper  and  wanh  it  with  water.  Remove  the  precipitate  to  a  snuil 
porceitain  diMh.  add  j  c.c.  of  an  acid-alcohol  mixture'  and  a  few  drops  of  a  dSuK 
solution  of  sodium  nitrite  and  beat.  I'be  produclton  of  a  green  color  iodicsUi 
the  picscncc  of  bile  pigments- 

(b)  Bonanno's  Reaction.* — Place  5-10  c.c.  of  diluted  bUe  in  a  vnall  porcdaii 
evapoiaiiiig  dkh  inul  add  a  few  drops  of  Bonanno's  re-agent.'  An  emcraM-grwi 
color  will  di-velop. 

5.  Tests  for  Bile  Acids.— (t)  Suenwe-H,SO,  Test  (Pettenkofer).— To  5  c-c 
of  diluted  bile  in  a  test-tube  add  5  drops  of  a  5  per  cent  solution  of  sucrose.  He* 
ma  about  2-3  c.c-  of  concentrated  sulphuric  acid  carefully  down  the  side  of  Ak 
tube  and  note  the  red  ring  at  the  point  of  conUct-  Upon  slightly  acttating  cbi 
contents  of  the  tube  the  whole  sohition  gradually  assumes  a  reddish  color.  Ai 
Ibe  tube  becomes  warm,  it  should  be  cooled  in  runoing  water  in  order  that  tbt 
temperature  of  the  solution  may  not  rise  above  7o''C. 

It  is  claimed  that  this  test  is  not  satisfactory  in  the  presence  of 
protein  and  chromogenic  substances  which  y-ield  interfering  colon 
with  sulphuric  add. 

(b)  Puffural-H,S04  Test.— Mylius's  Modification  of  Pettenkofer's  Tea- 
To  approximately  5  c.c.  of  diluted  bile  in  a  test-tube  add  3  drops  of  a  very  dilnn 
(1  :  1000)  B<)ueous  solution  of  furftiral, 

HC— CH 

II      II 
_  HC    CCHO. 

•  \/ 

O 

Now  run  about  2  3  c.c.  of  concentrated  sulphuric  add  carefully  down  (he  Sid*  of 
the  tube  and  note  the  red  ring  as  above.  In  this  case,  also,  upon  shakiDS  lb* 
tube  the  whole  solution  is  colored  red.  Keep  the  temperature  of  the  solution bf 
low  70'C.  as  before-  . 

(c)  Foam  Test  (v.  Udrinsky). — To  sec  of  diluted  bile  in  a  test-tube  add  j-* 
drops  of  a  very  dilute  (i  :  rooo)  aqueous  solution  of  furfural.  Place  the  diunil> 
over  the  top  of  the  tube  and  shake  the  tube  until  a  thick  foam  is  fonned.  Bf 
means  of  a  small  pipette  add  1-3  drops  of  concentrated  sulphuric  acid  to  the  fois* 
and  note  the  dark  pink  coloration  produced. 

>  Mode  by  adding  j  ex.  oj  conccntniied  hydrochloric  acid  to  «S  <^  of  9^  pctcieK 
alcohol, 

'  H  Tommaii,  i.tio.  11,  ' 

■Thit  reagent  may  be  prepatid  by  dJHoIving  1  gram*  ol  todtina  nitrite  In  io»c.c(i> 
coDccnliaied  hydrochloric  add. 


BILE 


209 


(d)  Surface  Teoaioo  Test  (Hay). — This  test  is  bas«d  upon  the  principle  that 
tile  adds  have  the  property  of  reducing  the  surface  teasioii  of  fluids  in  which  they 
iTC  contained.  Tlic  test  is  performed  as  follows:  Cool  about  10  cc  of  diluted 
tile  in  a  test-tube  to  i7°C.  or  lower  and  sprinkle  a  little  fine);  pulverized  sulphur 
tpon  the  Mirfnce  of  the  fluid.  The  presence  of  bile  adds  is  indicated  if  the 
■ulphur  sifiW^  lo  the  bottom  of  the  liquid,  the  rapidity  with  which  the  sulphur  sinks 
lepending  upon  the  quantity  of  bile  acids  present  in  the  mixture.  The  test  is  said 
o  react  with  bilo  acids  when  they  are  present  in  the  ratio  of  t :  130,000. 

fe)  Neukonun's  Modification  of  Pettenkofer's  Test. — Tn  a  few  drops  of 
Bluted  bile  io  an  evaporating  dish  add  a  trace  of  a  dilute  sucrose  solution  and  one 
ir  more  drops  of  dilute  Milphuric  acid.  Evaporate  011  u  watcrlinlh  and  note  the 
Icvclopment  of  a  WoM  color  at  the  cdKC  of  the  evaporating  niixlurc.  Discontinue 
he  evapomlion  as  soon  as  the  color  b  observed. 

(()  Peptone  Teat  (Oliver). — To  5  cc.  of  diluted,  bile  add  »-3  drops  of  acetic 
idd,  filtering  if  necessary-  Add  an  equal  volume  of  a  i  per  cent  solution  of 
Vitte's  peptone  lo  the  acid  solution.  A  prrcipilalc  is  produced  which  is  iniolublc 
n  excess  of  acetic  add.    This  precipitate  is  a  compound  of  protdn  and  bile  acids. 

6.  Crystalltzatlon  of  Slle  Salts. — To  15  cc.  of  undiluted  bUe  in  an  evaporating 
lish  add  enough  animal  charcoal  to  form  a  paste  and  evaporate  lo  dryness  on  a 
rater-bath.  Remove  the  residue,  grind  it  in  a  mortar,  and  transfer  it  to  a  small 
lask.  Add  about  so  '-c-  of  95  per  cent  alcohol  and  boil  on  a  water-bath  for  lo 
ninutes.  Filler,  and  add  ether  to  the  filtrate  until  there  is  a  slight  permanent 
Uondiness.  Cover  the  vessel  and  stand  It  away  until  crystallization  is  complete. 
Examine  the  crystals  under  the  microscope  and  compare  them  with  those  shown  in 
^V-  55>  P^C^  '05-     ^17  oii^  °'  ^^  '^sts  '"'  ^'^^  adds  upon  some  of  the  crystals. 

7.  Analysis  of  Biliary  Calculi. — Grind  the  calculus  in  a  mortal  with  to  cc. 
ot  ether.    Filter. 


I* 
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Udan  equal  volume  of  95  percfcl  atco- 
UP  to  ibe  ether  extract,  allow  ihe  mii- 
(■Bt  lo  evsporatc  and  exanune  for  cMes- 
^ftt  (TptM*  (Fu!.  ST.  p«g«  ito).  (For 
(uftbtr  tests  sc*-  h.xpcrinicnt  S,  p,  aio.) 


Residue  t, 
(On  paper  Kiid  in  inortsr.) 


Treat  with  dilute 
filtei- 


.ydrochloric  acid  and 


ninu  U. 

TbI  tCT  c^einni,  phoipfiales.  and  iron. 
Enforate  remainder  of  filtrate  lo  dry- 
BM  in  porctjaia  crucible  and  ignite. 
•^Mlvt  residue  ia  dilute  hydrochloric 
'tJdiDd  make  alkaliiM  with  unmomum 
tj^onde.    Blue  color  indicaif*  c-.-^pp-r. 


Residue  IL 

(On  paper  and  in  mortar) 
Wash  with  a  little  water.  Dry  the  AlEct  paper. 


Treat  with  5  cc  dilorororm  and  filter. 


Filtrate  m. 
KiUruhin, 
(Ajjply  test  tot 
bile  pigment*.) 


Residue  m. 
(On  paper  and  in  mortar.) 


Treat  with 
■Icobol. 


5  cc  of  kot 


BiSirtriin. 
^HitalMlMlIaaddedbecauMof  the  tact  that  it  is  often  found  that  ciystaltimion  from 
P*'*Hher  does  not  yield  typical  cboleiicrol  crysloln. 
14 
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8.  Tests   for  Cholesterol. 

(a)  MlcTOBCOfiical  Eiamiiutioii.  -Sxaroine  the  crystals  under  the  ailc 
and  compaie  them  with  those  shown  in  Fis-  57,  below. 

(b)  Sulphuric  Add  Test  (SaUcowski).— Dissolve  a  few  nystals  of  cboksteni 
In  a  Uttle  chloroform  and  add  an  equal  toIdiim  of  concentrated  sulphuric  adl 
A  play  of  c«lora  from  bluish-red  to  cheny-nd  and  purple  is  nol«d  in  the  chkn- 
form  while  the  acid  assumes  a  marked  (reen  fiuorescence. 

(c)  Acetic  Aohydride-HiSOi  Test  (Licbcrmann-fiurchard). — Disaolrt  1 
few  oystals  of  cholesterol  in  2  c.c.  of  chloroform  In  a  dry  test-tube.  Now  add  le 
drops  of  acetic  anhydride  and  1-3  drops  of  concentrated  sulphuric  add.  Vu 
solution  becomes  red,  then  blue,  and  finally  bluish-green  in  color.  This  teactioc 
to  used  in  the  quantitative  detenninatioD  of  cholesterol  (see  Chapter  XVIi. 

(d)  Iodine-sulphuric  Acid  Test.  Place  a  few  crystals  of  cholesterol  to  ont  a 
the  depressions  of  a  test -tablet  and  irent  with  a  drop  of  concentrated  sulphuric  uii 
and  a  drop  of  a  vcr>'  dilute  solution  of  iodine.  A  play  of  ctAon  consistinj  of  titUt 
bbu,  gretH,  and  red  results. 


:i 
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(e)  SchifTs  Resctioo. — To  a  little  cholesterol  in  an  evaporating  dish  addafe* 
drops  of  a  reageiil  niude  by  adding  1  volume  of  10  per  cent  ferric  chloride  to  J  vol 
umes  of  concentrated  sulphuric  acid,    t^vaponttc  to  dryness  over  a  low  flame  1 
observe  the  reddish-violet  residue  which  changes  to  a  Uuhk-ncUt. 

9.  Preparation  of  Taurine. — 'J'o  300  c-c.  of  bile  in  a  casscroJc  »dd  100  c^ 
liydrucbloTtc  acid  and  hi'at  until  a  sticky  mass  (dyslysin)  is  formed.  This  poiat 
may  be  determined  by  drawint;  out  a  thread-like  portion  of  the  mass  by  means oi> 
glass  rod,  and  if  it  solidifies  immediately  and  assumes  a  brittle  diarscter  we  lOS^ 
conclude  that  all  the  taurocholic  and  glycubotk  acid  has  been  decomposed.  I>ecaiC 
the  solution  and  concentrate  it  to  a  small  volume  on  the  waicr-bath.  Filter  tha 
hot  solution  to  remove  sodium  chloride  and  other  substances  n  bich  nuy  have  sepa- 
rated, and  evaporate  the  filtrate  to  dr>-iii;s«.  Dissolve  the  residue  in  5  per  W* 
hydroctiloric  add  and  precipitate  with  10  volumes  of  95  per  cent  alcohol.  FOiei 
oS  the  ifiurinc  and  rccrystalfizc  it  from  hot  water.  (Sa%'e  ibe  alcoholic  filtratt  b^ 
the  preparation  of  glycocoll,  p.  stt.)  Make  the  following  tests  upon  the  tausih' 
crystals. 
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Examine  them  under  the  nucroscope  and  compftrc  with  I-'i(.  58. 
ITe&t  X  crystal  upon  plaliuum  foil.    Tli«  taurine  at  fmt  melts,  then  turns 
and  finally  carbonixea  as  the  tcmpcrjilutc  U  raUcd.     Note  the  suffocating 
What  b  it? 


m 


/^ 


Kio.  jS.^TAruKE. 

(c)  Te»t  the  solubiUt)'  of  the  crysiab  in  water  and  in  alcohol. 

M)  Grind  up  a  crystal  with  (our  Times  its  volume  of  dry  sodium  carboQste  and 
foMon  platinum  foil.  Coo!  the  rtsidue,  transfer  il  lo  a  test-iubc,  and  dissolve  it  in 
*tltr.  Add  »  little  dilute  sulphuric  .iclil  and  note  ihc  odor  of  hydrogen  sulphide. 
Hold  t  piece  of  filter  paper,  moistened  wiih  a  tmoll  amount  of  lead  acciate,  over 
itic  opcoiog  of  the  (es.t-tubc  and  observe  the  formation  of  lend  sulphide- 


>I^^W^/ 
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10,  Preparatioo  of  GlycocolL— Concentrate  the  alcoholic  filtrate  from  the  last 
'  '^''nineDl  (9)  until  no  more  alcohol  remains.  The  glycocoll  is  prcucnt  here  in  the 
fOTmof  an  hydrochloride  and  may  be  liberated  from  this  combination  by  the  addi- 
™n  ol  frtshly  precipitated  lead  hydroxide  or  by  lead  hydroxide  Mlution.  Remove 
"•  l»»d  by  hydrogen  sulphide-  Filter  and  decoloriic  ihc  filtrate  by  animal  char- 
^"'^  Filter  agaui,  conccnir.ite  the  liltrale,  and  set  it  aside  for  crystallization, 
•'b^oll  teparates  as  colorless  crystal*  (Fig.  59). 


ca\PTER  xni 

PUTREFACTION  PRODUCTS 


The.  putrefactive  processes  in  tJie  intestine  are  the  result  of 
action  of  bacteria,  upon  the  protein  material  present.  This  bact 
action  which  is  the  combined  effort  of  many  forms  of  micro-organisa 
is  confined  almost  exclusively  to  the  large  intestine.  Some  of  the  pa 
ucts  of  the  putrefaction  of  proteins  are  identical  with  those  (onw 
in  trypttc  digestion,  although  the  decomposition  of  the  protein  malen 
is  much  more  extensive  when  subjected  to  putrefaction.  SomeoMJ 
more  important  of  the  putrefaction  products  arc  the  following:  /wi* 
skatole,  paratresal,  phenol,  para- oxyphfnyl propionic  acid,  para-oxypk 
ylacetic  acid,  volalUe  falty  acids,  hydrogen  sulpMde,  metftutK, 
mercaptan,  hydrogen,  and  carbon  dioxids,  besides  proteoses,  ptf 
peptides,  amnuinia,  and  amino-acids.  Basic  subslances  such  as  ch6t\ 
neurine,  putrescinr.  and  cadiiverine  arc  present  under  certain  conditioi 
Of  the  putrefaction  products  the  indole,  skatole,  phenol,  and  paraca 
appear  in  part  in  the  urine  as  ethereal  sulphuric  acids,  whereas  t 
oxyacids  mentioned  pass  unchanged  into  the  urine.  The  |>otas 
indoxyl  sulphate  (page  386)  content  of  the  urine  is  a  rough  indie 
of  the  extent  of  the  putrefaction  within  the  intestine. 

The  portion  of  the  indole  which  is  excreted  in  the  urine  is  firsti 
jected  to  a  series  of  changes  within  the  organism  and  is  subseque^ 
eliminated  as  indican.    'I'hese  changes  may  be  represented  thus: 

/\         CH      ^_/\        C(OH) 

^CH  \/\/CH 

NH  NH 

/\         C(OH)  /\         C(0-SO,H) 

\/\/CH        "^    *  ^*  ^  \/\/'cH 

NH  NH 

Indatyl.  loiowA  ■olphuilG  Mdd. 

In  the  presence  of  potassium  salts  the  indoxyl  sulphuric  acid  is  I 
transformed  into  indoxyl  potassium  sulphate  (or  indican), 

C(OSOjK), 


\/ 


\x 


'\/CH 
NH 

and  eliminated  as  such  in  the  urine. 
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Indican  may  be  decomposed  by  trealmcnt  wilh  concentrated  hydro- 
chluric  acid  (see  testa  on  page  387)  into  sulphuric  acid  and  indoxyl. 
Tlic  latter  body  may  then  be  oxidized  to  form  indigo-blue  thus: 

/\        C(OH)        _      /\         COOC         /\ 


'KysJ. 


CH 
NH 

tmlayl. 


+  20- 


NH  NH 


;x; 


+iH,0 


Tilis  same  reaction  may  also  occur  under  patholojjical  conditions 
Mir  Ihc  organism,  thus  giving  rise  to  the  appearance  of  cryslab  of 
nd^blue  in  the  urine. 
Skatole  or  methyl  indole  posseases  the  following  structure: 

/\_  _  C(CH,) 

\^\/CH 
NH 

1  common  with  indole  it  is  changed  within  the  organism  and  eliminated 
[in  the  fonii  of  a  chromogeiiic  substance.    Skatole  is,  however,  of  less 
j  importance  as  a  putrefaction  product  than  indole  and  ordinarily  Occurs 
imuch  smaller  amount.    The  tryptophane  group  of  the  protein  mole- 
foile  yields  the  indole  and  skatole  formed  in  intestinal  putrefaction,  but 
iht  reasons  for  the  transformation  of  the  major  portion  of  this  trypto- 
phane into  indole  and  the  minor  portion  into  skatole  are  not  well  under- 
stood.   Indole  is  more  toxic  than  skatole. 

Phenol  occurs  in  fairly  large  amount  in  certain  abnormal  conditions 
I  the  organism,  but  ordinarily  the  amount  is  very  small.  It  is  probably 
derived  from  the  tjTosine  group  of  the  protein  molecule.  Phenol  is 
Wjagated  in  the  liver  to  form  phenyl  potassium  sulphate  and  appears 
w  the  urine  in  this  form  (.Jlaumann,  and  Hertcr).  Para-cresol  occurs 
■n  the  urine  as  cresyl  potas^um  sulphate. 

Regarding  the  claim  of  Nencki  that  methyl  mercaptan  is  formed 
1^  A  gas  during  intestinal  putrefaction  it  is  an  important  fact  that 
IHcrtcr'  was  unable  to  detect. the  mercaptan  in /r«A  feces.  He  was, 
•'"'tefore,  not  inclined  to  accept  the  theory  that  methyl  mercaptan  is 
lonntii  in  ordttiary  intestinal  putrefaction  but  believed  that  it  may  be 
f«Tn«J  in  txcfptional  cases.  Hydrogen  sulphide  is,  however,  formed  in 
*^  cases  of  Intestinal  putrefaction. 

It  has  been  demonstrated  that  putrefaction  processes  in  the  human 
"testine  may  be  retarded  by  the  ingestion  of  a  carbohydrate  diet.*  The 
Putrefactive  organisms  arc  faettHalive  organisms  and  prefer  a  carbo- 

,  Hrt(fr;  "BscterUl  Infettituis  at  the  DiKeitive  Tmcl,  p,  »»7." 
^eitdill:  Jour.  iltd.  Rti.,  14,  411,  1911;  alto  PeJialria,  13,  Ko.  9,  1910. 
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lydrate  medium  if  it  is  available.  These  organisms  are  also  ui 
:xert  their  maximum  activity  in  an  add  medium  and  theref 
acids  resulting  from  the  carbohydrate  fermentation  would  tend  t 
their  activity. 

It  has  been  shown  by  Eutscher  and  his  associates*  that  mac 
and  bases  formed  in  putrefaction  and  which  have  been  consid 
originating  alone  from  bacterial  action,  may  also  be  formed  in 
phases  of  metabolism  in  both  the  plant  and  animal  kingdoms, 
transformation  products  of  amino-acids  have  been  termed 
rhegmas."  The  following  aporrhegmas  may  result  from  putre 
processes : 


Hisdduie. 
Arginine. 


PhenyUlaniae. 
TyToaioe. 


Aporrhegmft  Amino-kcid  mutcc 

IminazoletfayUmine 

Iminuolpropioaic  acid 

Oniithine 

TetramethyleDdiamine. , 

AminovalerUnic  add , . , , 

PeoUimetbylendiamine Ly^e. 

Amino- butyric  acid Glutamic  add. 

^c!^.acid;;:::::::::::::;::::;:::;::::::::;::}A'p^-<>- 

Isovaleiianic  acid Lenciiie. 

Phenylethylamine 

Pheoylftcetic  acid 

phenylpropionic  acid 

/i-Oiypnenylaeetic  acid 

^Oxvphenylpropionic  acid 

!l:5^eticadd;.v.::::;:;:::::::::::::;::;:;:;::lT'TP'°p''"«- 

Indolpropionic  acid. 


Experiments  on  Putrefaction  Products 

In  many  courses  in  physiological  chemistry  the  instrucl 
limited  for  time  that  no  extended  study  of  the  products  of  p' 
can  very  well  be  attempted.    Under  such  conditions  the  S' 
submitted  may  be  used  profitably  in  the  way  of  demonstrati' 
the  number  of  students  is  not  too  great,  a  single  large  putre 
be  started,  and,  after  the  initial  distillation,  both  the  result 
and  residue  may  be  distributed  to  the  members  of  the  class  f( 
manipulation. 

Preparation  of  Putrefactioii  Mixture. — ^Place  a  weighed  mixtui 
egg  albumin  and  ground  lean  meat  in  a  Sask  or  bottle  and  adr 
a  titers  of  water  for  every  kitogram  of  protein  used.    Sterilize  ttie 
tents,  inoculate  with  the  colon  bacillus,  and  keep  at  40°C.  for  tw< 
If  cultures  of  the  colon  bacillus  are  not  available,  add  60  c.c.  of 

'  Acltermann  and  Kutscher:  Zeit.  pkyiiol.  Chtm.,  69,  iG^,  19:0. 
Ackermann:  Ibid.,  373. 
Engeland  and  Rulschei:  Ibid.,  :S;. 
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tolntioa  of  socUum  carbonate  for  every  liter  of  water  previously  added  and 
iWciilBle  with  some  putrescent  material  (pancreas  or  fecesi.*  Mix  the  putre- 
factton  mixnire  very  thoroughly  by  shaking  and  Insert  a  cork  furnished  with  a 
g)iss  tube  to  which  its  attached  a  wash  bottle  containing  a  3  per  cent  solution  of 
IsKtturic  cyanide.'  This  device  is  for  the  purpose  of  collecting  the  methyl 
Imre^tan,  a  gas  formed  during  the  process  of  putrefaction.  It  also  serves  to 
Ifiiniiiiih  the  odor  arising  from  the  putrefying  material.  Place  the  putrefaction 
[pKitnie  at  40°C.  for  two  or  three  weeks  and  at  the  end  of  that  time  make  a  sepa- 
I  of  the  products  of  putrefaction  according  to  the  following  directions : 
Sabject  the  mixture  to  distillation  until  the  distillate  and  residue  are  approxl- 
f  nita);  equal  in  volume. 

PART  I 

MANIPULATION  OF  THE  DISTILLATE 

Acidity  with  h>-drochIoric  acid  and  extract  with  ether. 


Ether  ExtrKt  No.   1. 
Adduinjiul  volume  oj  water,  make  aJkn- 
bt  with  poiaMiuiB  h^roxlde,  and  shakv 


r 


Residue  No.  i. 

Allow  ihc  ether  to  volatiliie, 
rale  and  detect  ammanitini 
cryttoU  (Fig.  bo,  page  it6). 


Evapo- 

Ckloridt 


Ether  Extract  No.  3. 
Eviporuc     fc|)onlancoii«ly.     Indole     and 
litaW  Ninaia.     Try   proper  leactions  (see 
[pttoitSuMi  iiq). 


Alkaline  Solution  No.  i. 
Acidify   wlUi    iiydrutliluriL'   acid,   add 
Mdtum  carbonate,  and  extract  with  etiiei. 


Ethar  Extract  Ho.  3. 
Enponie.     Ovtccl     phenul 
'pKiCfnol).     See  page  119. 


Alkaline  Solution  No.  1. 
and    *r«oJ  Acidify   with    hydrochloric   acid,    *nd 

extract  wiih  plhcr. 


Zihet  Extract  No.  4. 
Bvipanie.     VeUtiU  fatty  aeids 


Fina!  Residue. 

(Discard.) 


DCTAaED  DIRECTIONS  FOR  MAKING  THE   SEPARATIONS 
INDICATED  IN  THE  SCHEME 

Pfdiminary  Etktr  Extriu.linn.—'Xhh  cxtraclion  may  be  conveniently  conducted 
■>  1  Kparstor>'  funoe).  Mix  the  fluids  for  exlractlou  in  the  ratio  of  two  volumes 
<dtU)enojJu'«e  volumes  of  the  dutilliitc.  Shake  very  thoroughly  for  a  few  mo- 
■nw.  then  draw  ofl  the  extracted  fluid  and  add  a  new  porliou  of  the  disullate. 
MIKal  the  proccM  until  the  entire  dixtilblc-  h.-u  been  cxtmctcd.  Add  a  imall 
uwmi  nf  frreh  ether  at  each  extraction  to  replace  that  dissolved  by  the  water  in 
•iepnccding  exltacli<in. 

,  'INitrdying  prncelii  may  be  prepared  by  IrcatlnR  lo  itniin«  ul  finely  jctound  lean  meat 
'Jul  100  e.c.  ol  imier  and  t  c-.c.  of  a  salurairti  jwlution  ui  lodium  carbonate  and  keeping 
™  Biiiture  at  40*C  for  34  hours. 

C«DcRitraied  f.u1[ihuric  acid  containing  a  »mall  amount  ol  isalin  may  be  U»ed  as  a 
MMtltnlc  lor  mercuric  cyanide-  When  (biB  niadl£cB[ion  is  employed  it  is  ncccuary  (0 
valdum  cblMidc  tubes  to  exclude  muiiturc  from  the  iutin  lolution. 
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RetidutNe.  i. — Unite  the  pottions  of  the  diitilUtc  extracted  u  aba\-e  ai 
the  rthcT  to  vobktilbe  ^>onlaDcously.    Evaporate  until  cty«(«llizaik>n 
Exainluc  the  ciyet&ls  under  the  microKopc.     Aminaiiiuro  chk»idc  pmlnminitfl 
Explain  its  prcseace. 

Ether  ExtrtKf  Ne.  i. — Add  equal  volume  of  mter,  render  tbe  nuxlure  alkaiiu 
with  polAisium  hydroxide,  and  shake  thoroughly  by  means  of  a  scparRlory  funnd 
as  before-  The  vetalilt  (ally  adds,  contained  among  the  putrefaclion  proUucL^, 
would  be  disaolved  by  the  alkiilinc  solution  (No.  ■)  whercax  any  indole  or  ^aiuIc 
would  remain  in  the  ethereal  -loluiion  (No.  a). 

Alkaline  Selutuiu  So.  i. — Acidify  with  hydrochloric  add  and  add  sodion 
cnrbonntc  solution  until  the  fluid  ia  neutral  or  sljjihtly  add  from  the  prcKoce  of 
carbonic  add.  At  this  point  a  portion  of  the  solution,  after  being  healed  for  a  ft? 
moments,  should  po&us&  an  alkaline  reaction  on  cooling.  Extract  tbe  whole  ntj- 
lure  with  ether  in  the  usual  way,  using  care  in  (he  nanipulatioa  of  tbe  slop  ODck  to 


Fio.  60.— AMMOKitni  Cblokidk. 

nliev«  the  pressure  due  to  the  evolution  of  carbon  dioxide.  Tbe  ether  (Ether 
Extract  No.  3)  removes  any  pktuM  or  crcwl  which  may  be  present  while  tbe  volatile 
fatty  acids  will  rimaln  in  the  alkaline  solution  (No.  3)  as  ullcali  salts. 

EihtT  Eilfael  No.  3. — Drive  of!  the  major  portion  of  the  ether  at  a  low  tempers- 
lure  on  a  water-bath  and  allow  the  residue  10  evaporate  sponianeouily-  Indole 
and  skatole  should  lie  prciienl  here.  Prove  the  jiresencc  of  these  bodies.  Tea 
tests  for  indole  and  ska tole  see  pages  1 18  and  siq. 

Alkaline  Solution  No.  7. — Make  strongly  add  with  hydrochloric  add  and  tx- 
tract  with  a  small  amount  of  ether,  using  a  scparatory  funnel.  As  carbon  dtoxideii 
liberated  here,  care  must  be  used  in  the  manipulation  of  the  stop  cock  of  the  funnel 
in  relieving  the  pressure  wilhin  the  vewcl.  'Ihc  volatile  fatty  adds  are  dissolved 
by  the  ether  (Ether  Extract  No.  4). 

ElhfT  Eilraei  No.  3. — Evaporate  this  ethereal  solution  on  a  watcr-balh.  Hie 
oily  rcndue  contains  phenol  and  cresol.  The  cresol  is  present  for  tbe  most  part  as 
paracresol.  Add  some  water  to  the  oily  residue  and  heat  it  in  a  flask.  Cool  and 
prove  ihc  presence  of  phenol  and  cicsol.     Eor  tests  for  these  bodies  see  page  iiQ.. 

Elkrr  Extroft  iVo.  4. — Evaporate  on  a  water-bath.  The  volatile  fatly  acids 
remain  in  ihe  residue. 
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PART  II 

MANIPULATION  OF  THE  RESmUE 
Evaponu,  filter,  luid  extract  wltli  ether. 


Etfacr  Erbact. 
i.Enp«ntc,  ext»<:t  tbe  rcuduc  iritli 
1  alter,  utd  film. 


Aqueous  Solution. 
Ev^jotntc    until    cr>-itii>    begin    to 
(orm.    Stand   In   a    cold    place    until 
CTy^tslKxatiaD  iscomp)et«.    Filter. 


CryKtalUne  Deposit. 
Coiuists  of  &  tnixluru    o( 
UtitiiM  and  lytosint  cr>'stals 
(Rga-aS.  s8  »nd   139,  pagu 
;6,  So  and  46J.) 


PUtt&t«  no.  a. 
i^Ctnlun*  orytteidi  and 
irWte  aeid. 


I. 


R«sldii«. 
Caotains  n«n-t«tatBi 
fatty  atidl. 


Filtrile  No.  t. 
CoDtaius   /wfrois,   feplent, 
vomatif  aeids.  and  tryfiepkant. 


DETAaED  DIRECTIONS  FOR  MAKING  THE 

SEPARATIONS  INDICATED  IN 

THE  SCHEME 


hdimmary  Ether  Extraction. — I'hU  extraction  may  t>Koanductecl  in  aMpainlory 
ccL   Id  Older  to  make  a  satisfactory  cxtiactioD  the  mixture  should  be  shskea 
liy.    Separate  the  ethereal  »olution  from  the  aqueous  [Kirtiun  and  treat 
I  iccctding  to  the  directions  given  on  page  115- 

£l*ff  £»friicJ.— Evapurate  this  soluiiun  011  a  mfety  waier-bath  until  tbe  ether 
sb«n(ntireiy  removed.     Kxlracl  the  residue  with  worm  water  and  filter, 
Aqmt<u  Sotulion. — Evaporate  tliis  solution  until  crystallization  begins.    Stand 
tlbculuiian  in  a  cold  place  until  no  more  co'^'^s '*"'■'■•    This  crystalline  mnxscon- 
|»tj  of  impure  leucine  and  tyrosine.     Filler  oft  the  crystals. 

Oyiliitiiu  Deposit. — ^Kxaminc  the  cryslals  under  the  microscope  nnd  compare 
Ithtm  vilb  those  reproduced  in  Figs.  1$,  28,  and  i  jo,  pages  ;6, 80.  and  463.     Do  the 
I  of  tbe  cryttaJ.t  of  leucine  and  tyrosine  resemble  those  previously  eutmined? 
:  a  Kparation  of  the  leucine  and  lyrosiac  and  apply  l>'pical  tests  according  to 
tions  Kiven  on  pages  8s  and  t!6. 

FillnUSo.  i.^Make.i  test  for  tryptophnnc  with  bromine  wnlct  (seepage  180), 
1  liso  with  llie  Hoplaua-Cok  reagent  (see  page  y8) .  Use  the  remainder  of  the 
ite  for  tbe  separation  of  proteoses  and  peptones.     Make  the  tcparatton  nc- 

!  to  tbt  directions  giv«D  on  page  i  lo. 
FUirttt  So.  i. — Thi.i  iolulion  coniiiin.s  para -oxypheny  lace  tic  add.  para-oxy- 
lylpri^ionic  acid  and  skalole-carbonic  acid.     Prove  tbe  presence  of  these 
by  appropriate  tests.     Teils  (or  oxyaclds  and  skatole-carbonic  acid  are 
'  on  pn&c  330. 
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TESTS  FOR  VARIOUS  PUTREFACTION  PRODUCTS 


Tests  for  Indole  ■ 

The  various  tests  for  tfufe/e  ond  skatole  may  be  carried  out  u« 
aqueous  solution  ol  these  products  or  upon  an  aqueous  £oluti<H 
the  Ksidue  from  Ether  Extract  Xo.  2  (see  page  172).  A  dislilJi 
secured  by  distilling  a  putrefaction  mixture  lirst  in  alkaline  and  tJi 
in  acid  reaction  may  also  be  employed.  9 

t.  H«rter's  d-Haphthaquinone  Reactioo.— (a)  To  a  diJute  aqueous  solui 
of  indole  (1 :  500,000)  add  i  drop  of  a  3  per  cent  solution  of  (V-naphthaquiatii 
sotlium-monosulphonate.  Ho  reaction  occurs.  Add  a  drop  of  a  10  pei  c 
solution  of  potassium  hydroxide  and  note  the  gradual  devetopraent  of  a  b 
or  blue-green  color  which  fades  to  creen  if  an  excess  of  the  alknli  U  add 
Render  the  green  or  btue-green  solntloa  acid  and  note  the  appearaiit*  n 
pink  color.    Heat  fucilitaies  the  derelopment  of  the  color  reaction. 

One  pan  of  indole  in  one  million  parts  of  water  may  be  detected  by  meta 
this  lest  if  carefully  performed. 

(b>  If  the  alkali  be  added  to  a  more  concentrated  indole  aolntion  befon 
the  introduction  of  the  naphihaquiuoue  the  course  of  the  reaction  is  diflen 
particularly  if  the  indole  solution  ia  somewhat  more  concentrated  than  that  ni 
tloned  above  and  if  beat  is  used.  Under  these  conditions  the  blue  indole  cc 
pound  ultimately  forms  as  fine  adcular  crystals  which  rise  to  the  surface. 

If  we  do  not  wait  for  the  production  of  the  cryatalline  body  but  as  soon  as 
blue  color  forms,  shake  the  aqueous  solution  with  chloroform,  the  blue  color  i 
appears  from  the  solution  and  the  chloroform  assumes  a  pinkish-red  h 
This  is  a  distinguishing  feature  of  the  indole  reaction  and  facilitates  the  differ 
tiation  of  indole  from  other  bodies  which  yield  a  similar  blue  color.  A  very  I 
isfactory  method  for  the  quantitative  detefminatlon  of  indole  is  based  upon 
principle  underlying  this  test  (see  chapter  on  FecesJ. 

2.  Formaldehyde  Reaction  (Konto*.— To  l  cc.  of  the  material  under  exu 
nation  in  a  test-tube  add  3  drops  of  a  40  per  cent  solution  of  formaldehyde  u 
cc.  of  concentrated  sulphuric  acid.  Now  agiute  the  mixture  and  note  the  appc 
ance  of  a  violet-red  color  if  a  trace  of  indole  is  present.  The  test  is  said  to  H 
for  the  detection  of  indole  when  present  in  a  dihition  of  i :  700,000. 

Skatole  gives  a  yellow  or  brown  color  under  the  above  conditions. 

3.  Cholera-red  Reaction.^To  a  little  of  the  material  under  examinatioo  1 
test-tube  add  one-tenth  its  volume  of  a  0.0a  per  cent  solution  of  potassium  siti 
and  mix  thoroughly.  Carefully  run  concentrated  sulphuric  add  down  the  s 
o(  the  tube  so  that  it  forms  a  layer  at  the  bottom.  Note  the  puiple  color.  Hi 
tralize  with  potassium  hydroxide  and  observe  the  production  of  a  bluisb-{rt 
color. 

4.  NitTopmsside  Reaction  fLegal).— To  a  small  amount  of  the  material  um 
examination  in  a  test-tube  add  3.  few  drop*  ol  a  fmbly  prepared  solution  of  sodii 
nilropruuJdc,  Nn!Fc(CN)jNO-i-;H,0.  Render  alkaline  with  potassium  bydnai 
and  note  the  production  of  a  \'io)ct  color.  If  the  solution  is  now  acidified  w 
glacial  acetic  add  the  violet  is  transformed  into  a  blue. 
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e  Wood  Test.— Moisten  a  pine  splinter  with  concentrated  hydrochloric 
insert  it  into  the  material  under  examination,    The  wood  acsumcs  a 
color- 

le  Nitrate  Test.— Acidify  some  of  the  material  under  cxamiDa- 
nitric  add,  add  a  few  drops  of  a  poiauium  nitrite  solution  and  note  the 
□  of  a  red  predpilale  of  niuoso-indolc  nitrate.  If  the  residue  contains 
indole  ximply  a  red  coloratioo  will  result.  Compare  this  result  with  the 
the  smilar  test  on  akat<dc. 


Tests  for  Skatole 

[ertfrr's  Para-ditnethyUminobeRulilehyde  ReactioD.' — To  5  c.c  of  the 
I  or  aqaeous  solution  under  examination  add  i  c.c  of  an  acid  solution  d 
BelhTlaminobenzaldehyde'  and  heal  the  mixture  to  boiling.  A  purplish- 
lonitioa  is  produced'  which  may  be  intensified  through  the  addition  of  a 
fs  of  concentrated  hydrochloric  acid.  If  the  solution  be  cooled  under 
I  water  it  loses  its  purplish  tinge  of  color  and  becomes  a  definite  blue, 
ition  at  this  point  may  be  somewhat  opalescent  through  the  separation  of 
lined  paranlimethylaminobenialdehyde.  Care  should  be  taken  not  to 
txcess  of  hydrochloric  acid  inasmuch  as  the  end-reaction  has  a  tendency 
pnder  the  influence  of  a  high  acidity. 

high  idea  regarding  the  actual  quantity  of  skatole  in  a  mixture  may  be 
B  by  extracting  this  blue  solution  with  chloroform  and  subsequently 
this  chloroform  solution,  by  means  of  a  colorimeter  [Duboscq),  with 
reaeboo,  obtained  with  a  skatole  sotutioa  of  known  strength. 
Reaction  with  Hydrochloric  Add. —Acidify  some  of  the  residue  with 
.ed  hydrochloric  acid.  Note  tli«  production  of  a  violet  color, 
ify  some  of  the  residue  with  nitric  acid  and  ndd  a  tew  drops  of  a  polav 
ite  solution.  Note  the  white  turbidity.  Compare  this  result  with  the 
siaular  test  on  indole. 


Tests  for  Phenol  and  Cresole 


or  Test.— Test  a  little  of  the  solution  with  Millon's  reagent.    A  red 
Jls.    Compare  this  test  with  the  sinulai  one  under  Tyrosine  [see  page 


:  Chloride  Test.— Add  a  few  drops  of  neutral  ferric  chloride  sohition 
lofthemalerial  under  examination.    A  dirty  bluish-gray  color  is  formed. 
aatioD  of  Bromine  Compounds.  -Add  some  bromine  water  to  a  little 
ipuid  under  examination.    Note  the  crystalline  precipitate  of  tribrom- 

rcrecol.    The  reaction  for  phenol  is  as  follows : 
■ 

Icr:  Soctcvfof  InjtaioHf  oj  ik*  Pigtttiit  Tract,  1Q07,  p.  141. 

k  bv  disMilving  5  xrarai  of  pata-di  methyl* mi nobetiMtdehytle  in  100  t.c.  of  to 

Mlphuric  acid. 

Im  color  does  not  appear  kdd  more  of  the  aldehyde  aolutioD. 


C4I»OH+3Br,- 

l%*uol. 


*C,HiBr,OH+3HDr. 

Tfibtomplwool. 


J 
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4.  Nitric  Add  Test — ^Add  some  nitric  acid  to  wme  of  th«  nutterial  ante 
ezuninatioii.  Heat  and  note  a  yellow  color  due  to  ttie  prodoctlon  of  picric  adl 
(trinitTopbenol)  from  phenoL    Thia  is  the  reaction : 

CJH.OH+3HNO,-CJI.(NO,),OH+3H,0. 

Phoiot.  picric  (dd. 

Tests  for  Oxyocids 

I.  Color  Test — Test  a  little  of  the  solution  with  Milloo's  reagent.  A  red  o 
results. 

3.  Bromine  Water  Test. — Add  a  few  drops  of  bromine  water  to  some  of 
filtrate.    A  turbidity  or  predpitate  is  observed. 

Test  for  Skatcde-carbonic  Add 

Ferric  Chloride  Teat — Addify  some  of  the  filtrate  with  hydrochloric  add,  ii 
a  few  drops  of  ferric  diloride  solution,  and  heat.  Compare  the  end-reaction  wi 
that  given  by  phenol. 


CHAPTER  XrV 
FECES 

t  feces  are  the  residual  mass  of  material  remaining  in  the  inles- 

er  the  full  aud  complete  exercise  of  the  digestive  and  absorptive 

Qs  and  arc  ultimately  expelled  from  the  body  through  the  rectum. 

y  may  be  said  to  be  comiioscd  of  the  following  substances: 

'ood  residues:  (a)  those  portions  of  the  food  which  have  escaped 

ion,  and  (i)  that  part  of  the  diet  cither  not  digested  or  incapable 

rptjon. 

'he    remains  of    the   intestinal    and   digestive  secretions  not 

fid  or  reabsorbed. 

ubstances  excreted  into  the  intestinal  tract,  notably  salts  of 

,  iron,  and  other  metals. 

lie  bacterial  flora  of  the  intestimd  tract. 

ellular  elements  to  which  may  he  added,  under  pathological 

MIS,  blood,  pus,  mucus,  serum,  and  parasites. 

.bnormally:  enteroliths,  gall  stones,  and  pancreatic  calculi. 

amount  of  the  fecal  discharge  varies  with  the  individual  and  the 
pon  an  ordinary'  mixed  diet  various  authorities  claim  that  the 

tcretioQ  by  an  adult  male  will  aggregate  110-170  grams  with  a 

<ntent  ranging  between  55  and  45  grams;  the  fecal  discharge  of 
an  individual  upon  a  vegetable  diet  will  be  much  greater  and  may 
even  be  as  great  as  350  grams  and  possess  a  solid  content  of  75  grams. 
Inthe  authors  own  experience  the  average  daily  output  of  moist  feces, 
ulculated  on  the  basis  of  data  secured  from  the  examination  of  over 
low  stools,  was  about  lOO  grams.  The  variation  in  the  normal  daily 
fWpiit  being  so  great  renders  this  factor  of  very  little  value  for  diag- 
mik  purposes,  except  where  the  composition  of  the  diet  is  accurately 
^noffn,  Lesions  of  the  digestive  tract,  a  defective  absorptive  function, 
w  increased  peristalsis  as  well  as  an  admixture  of  mucus,  pus,  blood, 
'"d  pathological  products  of  the  intestinal  wall  may  cause  the  total 
*inouiit  of  excrement  to  be  markedly  increased.  An  idea  of  the  varia- 
tion of  the  percentage  of  dry  matter  in  the  feces  evacuated  after  the 
"igcstion  of  different  diets  may  be  gathered  from  a  consideration  of  the 
foibwing  table.' 

'Schwdl  ti  Scrubuficr:  "Oie  FSm4  d<«  Mcntchcn",  Berlin  191J 
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INFLUENCE  OF  DIET  OX  FECAL  DRY  MATTER 


Di«t 


Nurnng  infuil  - 

Milk 

Adult. . 

Mot*  *..«»aftiti*' 

Bread 

PoUtoc* 

CabtMgr 

Mixed  Diet..    .    . 


Dry  UattfT  Pmsot. 


iS-o 

iS.o 

39.0 
.J.o 
ij.o 

4.4 
16.0 


./ 


iV 


'S  ^<x<- 


6l.~HCMAIOIDIN     (^XVS- 

Acsouc  Stools,    (pi 


Tlie  fecal  pigment  of  the  npnnal  adult  is  hydrobilirubln  Thii. 
pigment  originates  from  the  bilirubin  which  is  secreted  into  the  inltt- 
tine  in  the  bile,  the  transformation  from  bilirubin  to  hydrobtliniino 
being  brought  about  through  the  activity  of  certain  bacteria.    Hir<in>- 

bilirubin  is  sometimes  called  stercol»liii 
and  bears  a  close  resemblance  to  urcbffia 
or  may  even  be  identical  with  thatpg- 
ment.     Neither  bilirubin   nor  bilivtfllia 
occurs  normally  in  the  fecal  discburp  d 
adults,  although  the  former  may  be  de- 
tected in  the  excrement  of  nurang  in- 
fants.    If  these  pigments  are  found  ift 
the  feces  of   adults,  they   indicate  *a 
abnormally    rapid    transit   through  tti! 
large  bowel  thus  preventing  their  trttL*- 
formation    into    hydrobilirubin.      Fre- 
quently, in  some  way  as  yet  unkoown, 
probably  through    the  agency  of  certain   bacterial  processes,  colfli- 
less   hydrobilirubinogen   (leucohydrobilirubin)  is  formed  which  afta 
the  passage    of  the  movement  and  exposure  to  air  is   recon\'eTted 
into  hydrobilirubin.     This  may  explain  in  some  cases  the  darken- 
ing of   the   stool  when  exposed  to  the  air.     The  most  importaol 
factor  in  determining  the  color  of  the  fecal  discharge  is  the  diet.    A 
mixed  diet,  for  instance,  produces  stools  which  vary  in  color  from  light 
to  dark  brown,  an  exclusive  meat  diet  gives  rise  to  a  brownish-bUck 
stool,  whereas  the  stcxil  resulting  from  a  milk  diet  is  invariably  light 
colored.     Certain  pigmented  foods,  such  as  the  chlorophyliic  vegetables 
ant!  various  varieties  of  berries,  each  afford  stools  having  a  characteristic 
color.     Certain  drugs  act  in  a  similar  way  to  color  the  fecal  discharge. 
This  is  well  illustrated  by  the  occurrence  of  green  stools  f  ollon'ing  the  use 
of  calomel,  of  black  stools  after  bismuth  ingejstion,  and  of  yellow  stools 
following  the  administration  of  rhubarb,  senna  or  santonin.    The  greca 


TALs   niOM 
Jaktck.) 

Color  of  cr^ilkls  tame  fts  the  color 
o(  Ihoae  m  Fig.  56,  pa^  10;. 
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jlor  of  the  calomel  stool  is  generally  bcUcvcd  to  be  due  to  billverdiu. 
.  }&ksch.  however,  claims  to  have  proven  this  view  to  be  incorrect 
incc  he  was  able  to  detect  hycirobilirubin  (or  urobilin)  but  no  biliverdxn 
1  stools  after  the  adminiatration  of  calomel.  The  bismuth  stool  was  at 
(Oe  time  thought  to  derive  its  color  from  ihc  black  sulphide  which  is 
ormed  from  the  subnitrate  of  bismuth.  We  now  know'  that  the  color 
s  due  to  the  reduction  of  the  bismuth  compound  (subnitrate)  io  bismuth 
whnide.  In  cases  of  biliary  obstruction  the  grayish-white  acholic 
sb)(rf  is  formed. 

Under  normal  conditions  the  odor  of  feces  is  due  to  skatole  and 
indole,  two  bodies  formed  in  the  course  of  putrefactive  processes  occur- 
ring within  the  Intestine  (sec  page  212).  Such  bodies  as  methane, 
methyl  mcrcaptan.  and  hydrogen  sulphide  may  also  add  to  the  disagree- 
gUe  character  of  the  odor.  The  intensity  of  the  odor  depends  to  a 
Hge  degree  upon  the  character  of  the  diet,  being  very  marked  in  stools 
from  a  meat  diet,  much  less  marked  in  stools  from  a  vegetable  diet,  and 
(requently  hardly  detectable  in  stools  from  a  milk  diet.  Thus  the  .stool 
of  the  infant  is  ordinarily  nearly  odorless  and  any  decided  odor  may 
generally  be  readily  traced  to  some  pathological  source. 

.V  neutral  reaction  ordinarily  predominates  in  normal  stools,  although 
tli^tly  alkaline  or  even  acid  stools  are  met  with.  The  acid  reaction  is 
ooountered  much  less  frequently  than  the  alkaline,  and  then  commonly 
only  following  a  vegetable  diet. 

Experiments  in  which  the  actual  hydrogen  ion  concentration  of  the 
feoes  was  determined  indicate  thai  ihc  reaction  of  the  excreta  is  uni- 
formly slightly  alkaline.'*  Pronounced  dietary  changes,  e.^.,  low  protein 
diet,  high  protein  diet,  fasting,  water  drinking  with  meals,  produce  at 
most  only  minor  changes  in  the  reaction  of  the  feces. 

The  form  and  consistency  of  the  stool  is  dependent,  in  Urge  measure, 
ipon  the  nature  of  the  diet.  Under  normal  conditions  the  consistency 
nay  var>'  from  a  thin,  pasty  di-scharge  to  a  firmly  formed  stool.  Stools 
rhich  are  exceedingly  thin  and  watery  ordinarily  have  a  pathological 
igoificancc.  In  general  the  feces  of  the  carnivorous  animals  is  of  a 
nner  consistency  than  that  of  the  herbivora. 

The  continued  ingestion  of  a  diet  which  is  very  thoroughly  digested 
ad  absorbed  is  frequently  accompanied  by  the  formation  of  dr)',  hard 
«al  masses  (scybaJa).  Constipation  generally  results,  due  to  the  small 
ulk  of  the  feces  and  it«  lack  of  moisture.  At  present  the  formation  of 
:ybaJa  is  con.<iidcred  pathological,  as  an  expression  of  spastic  consUpa- 
bo.'    To  counteract  this  tendency  toward  constipation  the  ingestion 

<  Quincke:  Usnch.  mri.  Woth,,  p.  854,  i8q6. 
■Uowi  ajid  Hawt;  Jour.  Bid.  Chtm  ,  11,  lap,  igii. 
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of  agar-agar^  has  bci-n  suggested.*    This  agar  is  relatively  indigest&k  ' 
and  readily  absorbs  water  (about  i6  times  its  weight),  thus  formiojs 
bulky  fecal  mass  which  is  sufficiently  soft  to  permit  of  easy  evacuatioB. 
The  function  of  agar  is  not  limited  to  its  use  in  connection  with  coosti- 
pation;  it  may  sen-c  m  other  capacities  as  an  aid  to  intestinal  ifaenpn-  , 
4ics  by  serving  as  a  vehicle  for  certain  drugs.*  j 

It  is  frequently  desirable  for  clinical  or  experimental  purpow  (»  ' 
make  an  examination  of  the  fecal  output  which  constitutes  the  residiul 
mass  from  a  certain  definite  diet.  Under  such  conditions,  it  is  cujtan-  I 
ary  to  cause  the  person  under  ohserx'ation  to  ingest  some  substaooe,it  I 
the  beginning  and  end  of  the  period  in  question,  which  shall  sufficiently 
differ  in  color  and  consistency  from  the  surrounding  feces  as  to  rcsdcr 
comparatively  easy  the  differentiation  of  the  feces  of  thai  period  Inm 
the  feces  of  the  immediately  preceding  and  succeeding  periods.  Oae 
of  the  most  satisfactory  methods  of  making  this  "separation"  bly 
means  of  the  ingestion  of  a  gelatin  capsule  containing  about  o.i  gnmof 
powdered  charcoal  at  the  beginning  and  end  of  the  period  under  ob«r>i  - 
tion.  This  procedure  causes  the  appearance  of  two  black  zones  of  diir- 
coal  in  the  fecal  mass  and  thus  renders  comparatively  sim^^e  l^ 
differentiation  of  the  feces  of  the  intermediate  period.  Carmine  (oj 
gram)  may  be  used  in  a  similar  manner  and  forms  two  dark  red  a>»K. 
Some  similar  method  for  the  "separation  of  feces"  is  imivetMHy 
practised  in  connection  with  the  scientifically  accurate  type  of  nutrilioa 
or  mctaboIi.sm  experiment  which  embraces  the  collection  of  useful  dsU 
regarding  the  income  and  outgo  of  nitrogen  and  other  elements. 

Among  the  macroscopical  constituents  of  the  feces  may  be  men- 
tioned the  following:  Intestinal  parasites,  undigested  food  partido. 
gall  stones,  pathological  products  of  the  intestinal  wall,  enteroliths, 
intestinal  sand,  and  objects  which  ha^■e  been  accidentally  swallowed. 

The  fecal  constituents  which  at  various  times  and  under  differtiil 
conditions  may  be  detected  by  the  use  of  the  microscope  are  a*  follow 
Conslitiienls  derived  from  the  food,  such  as  muscle  fitters,  connecth*- 
tiisue  shreds,  starch  granules,  and  /<i/;  form  elements  derived  from 
the  intestinal  tract,  such  as  epithelium,  erythrocytes,  and  leucocyta; 
mucus;  pus  corpusdes;  parasites  and  bacteria.  In  addition  to  the  con- 
stituents named  the  following  crystalline  deposits  may  be  detected: 
choiesterol.  koprosterol,  soaps,  fatty  acid,  fat,  hematoidin,  "triple  pket- 

'  A^u-asu  U  a  product  prepared  from  ceiUin  typo  of  Auatic  icA-weed.  It  is  a  cubo- 
hydrate  and  ii  cloxtificd  a*  a  ialactan  in  the  polj-Mccharide  group. 

■  Mendel;  ZetU.  f.  ttt.  Pkyiict.  a.  Fdth.  dtt  SU^.,  No.  i},  p.  1. 1908;  Sclimiill :  Jf iteJk. 
mat,  H'oeA.,  ;»,  xgjo,  1905. 

'  Einhora:  Btrl.  tliit.  IVacli.,  49,  lij,  1911. 
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pkate,"  Chareot-Leydcn  crystals,  .iikI  the  oxalate,  carbonate,  phospiiale, 
ndpkate.dinA  hctakoi  calcium.  (See  Figs.  64  to  69.  pp.  330  and  231.) 
The  koprosterol  of  the  feces  is  similar  to  cholesterol,  and  may  be 
lormed  by  the  reduction  of  the  latlcr.  It  responds  to  cholesterol  color 
teits  and  has  the  same  solubilit>',  but  possesses  a  lower  melting-point 
uid  cryiitaUizes  in  fine  needles  instead  of  plates  such  as  cholesterol 
forms. 

The  detection  of  minute  quantities  of  blood  in  the  feces  ("occult 
blood")  has  recently  become  a  recognized  aid  to  a  correct  diagnosis  of 
cerUin  disorders.     In  these  instances  the  hemorrhage  is  ordinarily  so 
slight  that  the  identification  by  means  of  macroscopical  characteristics 
Si  well  as  the  microscopical  identilication  through  the  detection  of  ery* 
throcytes  are  both  unsatisfactory  in  their  results.    Of  the  tests  given 
for  the  detection  of  "occult  blood"  the  hettzidine  reaction  and  the 
otth-ioiidin  and  hemalein   tests  (page  233)  arc  probably   the  most 
»li3£actor>-.    Since  "occult  blood  "occurs  with  considerable  regularity 
and  frequency  in  gastrointestinal  cancer  and  in  gastric  and  duodenal 
ilcer,  its  detection  in  the  feces  is  of  especial  value  as 
I  aid  to  a  correct  diagnosis  of  these  disorders.     Cer- 
tain precaution.'!  are  essential,  such  as  the  establish- 
ment of  a  meat-free  diet  over  a  period  of  time  before 
the  specimen  is  collected.     (Feces  from  a  meat  diet 
will  give  an  occult  blood  reaction  with  some  of  the 
most  delicate  tests.)     Bleeding  from  the  bowel  such 
aj  is  seen  in  hemorrhoids,  as  well  as  the  admixture  of 
menstrual  blood,  is  to  be  considered  in  the  interpretation  of  the  rcsiUt. 
It  has  been  quite  clearly  shown  that  the  intestine  of  the  newly  bom 
is  sterile.     However,  this  condition  is  quickly  altered  and  bacteria  may 
he  present  in  the  feces  before  or  after  the  first  ingestion  of  food.    There 
are  three  possible  means  of  infecting  the  intestine,  i.e.,  by  way  of  the 
mouth  or  anus  or  through  the  blood.     The  infection  by  means  of  the 
Mood  seldom  occurs  except  under  pathological  conditions,  thus  limit- 
ing the  general  infection  to  the  mouth  and  anus. 

In  infants  with  pronounced  constipation  two-thirds  of  the  dry  sub- 
stance of  the  stools  has  been  found  to  consist  of  bacteria.  In  the  stools 
of  normal  adults  probably  about  one-third  of  the  dry  substance  is 
bacteria,'  The  average  excretion  of  dry  bacteria  in  24  hours  for  an 
adult  is  about  8  grams.  The  output  of  fecal  bacteria  has  been  found 
to  undergo  a  decrease  under  the  influence  of  water  drinking  with  meals.* 

>  Scfaiucnhcfan  and  ToUcns  found  bacleria  to  comprite  41  ptr  cent  of  tht  dry  matter, 
rbis  vtiut  U,  hoircvcr,  undoubtedly  too  hi^. 

■Mallill  aii'l  HawL:  Jour.  Am.  Chem.  Soe.,  33,  1999,  191 1;  Blathcririck  and  HawL: 
Bi*ck.  BuU-.  i.  iS.  1915., 
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There  was  also  a  decrease  in  intrstinal  putrefaction,'  a  facCl 
indicates  that  at  least  a  part  of  the  bacterial  deficit  was  madei 
putrefactive  organisms.  In  some  cases  over  50  per  cent  of  tbq 
nitrogen  of  feces  has  been  shown  to  be  bacterial  nitrogen.*  I 

Various  enzymes  have  been  detected  in  the  feces.  The  first  < 
demonstrated  was  pancreatic  amylase.*  The  amylase  content  ^ 
feces  is  believed  to  be  an  index  of  the  activity  of  the  pancreatic  fun^ 
The  excretion  of  this  enzyme  has  been  found  to  increase  und( 
influence  of  water  drinking  with  meals.'  Other  enzymes  whidi 
been  found  in  the  feces  under  vnrious  conditions  are  trj-psin,  n 
maltase,  sucrasc,  lactase,  nuclease  and  lipase.*  In  an  abnormally; 
transit  of  food  through  the  intestinal  tract,  such  as  is  seen  in  d 
diarrheas,  nearly  all  of  these  enzymes  may  be  detected. 

Some  of  the  more  important  organisms  met  with  in  the  feces  W 
followbg:'  B.  coli.  B.  lactis  airogenes,  Bacl.  Wetchii,  B.  hijUut^ 
eoetal  jorms.  Of  thes;  the  first  three  types  mentioned  arc  gas-j^ 
organisms.  The  production  of  gas  by  the  fecal  flora  in  ded 
bouillon  is  subject  to  great  variations  under  pathological  ooniQ 
alterations  in  the  diet  of  normal  persons  will  also  cause  wide  fluctufl 
Data  as  to  the  produrtinn  of  gas  are  of  considerable  importanoi 
diagnostic  way,  althuugh  the  exact  cause  of  the  variations  is  Mt 
established.  It  sliould  be  borne  in  mind  in  this  connection  thl 
volumes  arc  frequently  variable  with  the  same  indindual.  F« 
reason  it  is  necessary  in  every  instance  to  follow  the  gas  productit 
a  considerable  period  of  time  before  drawing  conclusions.*  WhiJ 
question  of  the  study  of  bacterial  flora  of  the  feces  is  a  question  b* 
the  range  of  this  work,  mention  may  be  made  here  of  the  chaiact 
the  organisms  observed  by  Gram  staining  of  the  stool  after  admin 
tion  of  ditlcrent  types  of  diet.  It  has  been  shown  that  when  tlu 
is  markedly  protein,  the  protein  type  of  flora  becomes  predonun^ 
the  stools.  Gnim-stained  smears  show  a  fairly  equal  distribuli 
Gram-negative  and  Gtam-posiUve  organisms.  Among  the  latt^ 
largely  the  subtiloid  organisms  with  some  of  the  Bad.  Weichii,  tog 
with  a  moderate  number  of  diplocoui  and  coccoid  forms.  Most  a 
Gram-negative  organisms  resemble  the   B.  coli.    When  the  di 

■  Hftlltcni  aod  Hawk:  Arch.  Int.  Mtd.,  J,  Uio,  1911;  Blathcrwick,  Sbcnvin  add 
lot,  til. 


'  MocNeal,  Latier  ftnd  Kerr:  /cur.  Inf.  Dis.,  6,  113,  1900;  Mattill  and  Hairk 
Bxp.  Med.,  1^,  4JJ.  ■<}]  I ;  BUlhcrwick  anci  Hank:  BiocMtm.  Bull.,  3,  18,  1413. 
*  WcKHClieLticr:  Inaiig.  Visi.,  SLraiiibur|{,  1S7J. 


•  Wohlgcnmlh:  Berl.  klin.  Woch..  47.  3,  91,  1910. 
»  Hnwk:  Arch.  Int.  Mtd..  ».  j8»,  19U. 
'  Ur)*:  Biocheni.  ZeU.,  }x.  \%t,  igoQ, 

'  Hcrtcr  and  Ktntinll :  Journal  of  Biohgieol  Cktntiitry,  5, 183, 

•  llcrtci  »n<l  Kendall:  Inc.  (il. 


arbohydratc  the  field  is  strongly  Gram  positive  and  has  a  more  homo- 
;«cous  appearance.  The  bacteria  seen  conwst  chiefly  of  long  slender 
Gram-positive  rods  belonging  to  the  B.  acidophilus  and  B.  bifidus 
groups.' 

The  nitrogen  present  in  the  feces  consists  principally  of  baclfria, 
unabsorbcd  inksltnai  secretiims,  cpilheliai  cells,  mueui  material  &aA  food 
midues.  In  the  early  days  of  nutrition  study  the  fecal  nitrogen  was 
l>tiie\'cd  to  consist  principaUy  of  food  rt'sidues.  We  now  know  that 
such  residues  ordinarily  make  up  but  a  small  part  of  the  nitrogen  quota 
0!  the  stools  of  normal  individuals  who  exercise  normal  mastication.* 
When  meat  has  been  "bolted,"  however,  from  ^  gram  to  16  grams  of 
macroscopical  meat  residues  has  been  found  in  a  single  stool.'  The 
phiasc  "metabolic  product  nitroj^cn"  is  frequently  used  as  a  desigoar 
lion  for  all  fecal  nitrogen  except  that  present  as  food  residues  and 
bacteria.  Bacteria  cannot  logically  be  classed  under  ''metabolic" 
nitrogen  since  they  doubtless  develop  at  the  expense  of  food  nitrogen 
M  ntli  as  at  the  expense  of  that  in  the  form  of  intestinal  secretions. 
In  the  accurate  study  of  "protdn  utiiixation  "*  a  correction  should  be 
m«le  for  "metaboUc  nitrogen."  Data  regarding  the  output  of  mctar 
bolic  nitrogen  may  be  secured  by  determining  the  fecal  nitrogen  excre- 
tion on  a  diet  of  proper  energy  value  but  containing  no  nitrogen.* 
Agtr-agar  may  be  utilized  advantageously  in  connection  with  such  a 
nitrogen-free  diet. 

Feces  are  still  excreted  from  the  intestine  even  when  no  food  is 
ioge*led.  Carefully  conducted  (astinR  experiments  have  demonstrated 
this.  A  dog  nourished  on  an  ordinary  diet  to  which  bone  ash  has  been 
uMedtvill  excrete  a.  grey  feces.  When  fasted  such  an  animal  will,  after 
« few  days,  excrete  a  small  amount  of  a  greenish -brown  mass,  eonlaining 
n«  hone  ask.  These  arc  fasting  feces.  It  is  of  a  pitch-like  consistency 
«nd  turns  black  on  contact  with  the  air.'  Adult  fasting  men  have  been 
foond  to  excrete  7-8  grams  of  feces  per  day,  the  daily  nitrogen  value 
wMg  about  0.1  gram.'  No  separating  medium  such  as  charcoal  or 
rannine  (page  238)  should  be  used  in  differentiating  fasting  feces. 

Ill  recent  years  the  examination  of  feces  for  eNndences  of  parasitism 
(cktcction  of  parasites  and  their  ova)  has  taken  on  an  added  importance. 
The  bvcstigation  of  the  hookworm  has  been  particularly  developed. 

'CiBunidge:  The  F«c«s  o(  Childrro  init  Ailulm.  igu,  p.  116. 
■Komuuier:  Xril.  fUr  Biol.,  a,  fit,,  189;. 
|;hilcrui(]Hawk:  Jaur.  Am.  Chum.  Sat.,  ij.  i^«;,  iijij. 

Uw  perceittjuc  o(  the  in^tled  pcutrin  which  i»  abMibed  from  the  iototiix.  Tbi* 
l^beolralatcd  tiy  sublriictins  the  metabolic  nitfogen  from  the  total  fcctl  oiuogeti  and 
*™b(  this  flue  by  the  food  nliroRcn. 

'Twboi:  Ztil.  fUt  Biol.,  is.  68.  iSq;;  Mendel  anO  Viw.Jour.  SM.  Chem-,  11,  S.  >9>»- 
iIo»e  and  Hawk:  Jitur.  Am.  Chtm.  Sec,  ^j.  jij,  i^ti. 
'Hone,  UattiU  and  Hank:  /iiJ.,  jj,  jOft,  iqii. 
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fFor  methods  and  discuKuon  si-i->  Bullelm  135,  Bureau  of  Animal  Indos- 
try,  U.S.  Department  of  Agriculture,  1911,  M.  C.  Hall.) 

For  diagnostic  purposes  the  macroscopical  and  microscopicaJ  exami- 
nation?  of  the  feces  ordinarily  yield  much  more  satisfactory  data  than 
are  secured  from  its  chemical  (.-xamination.  Possibly  with  the  excep- 
tion of  certain  examinations  for  occult  blood,  the  most  satisfactory  data 
for  diapnoslic  purpost-s  are  secured  by  microscopical  examination. 
This  presupposes  a  knowledge  of  microscopical  technic  and  the  use  of 
certain  microchcmical  tests,  by  which  much  information  can  be  ob- 
tained, 'f'he  principle  underKing  this  examination  consists  in  the  study 
of  the  actual  changes  which  the  various  foo<i-sluffs  have  imdcrgone  dur- 
ing digestion.  A  knowledge  of  the  changes  which  occur  in  normal  diges- 
tion and  which  are  seen  in  normal  feces  enables  one  to  readily  detect 
pathological  variations.  One  diet  widely  used  for  this  purpose  b  the 
Schmidt  diet  wliich  is  given  below.  The  modilitation'  described  is 
better  adapted  to  American  conditions. 

The  Schmidt  intestinal  diet  is  as  follows: 

In  the  morning:  0.5  liter  of  milk,  or  if  milk  does  not  agree  0.5  liter 
of  cocoa  (prepared  from  so  grams  of  cocoa  powder,  lo  grams  sugar, 
400  grams  water,  and  100  grams  milk).    To  this  add  50  grams  zwiebach. 

In  Xhcjornwon:  0.5  liter  oatmeal  gruel  (made  from  40  gram-;  ml- 
meal),  10  grams  butter,  100  grams  milk,  300  grams  water,  1  egg  strained. 

At  noon;  115  grams  of  chopped  beef  (raw  weight)  broiled  rarewitfi 
20  grams  of  butter,  so  that  the  interior  will  remain  raw.  To  this  add 
230  grams  potato  broth  (made  of  i()o  grams  mashed  potatoes,  loogiaim 
milk,  to  grams  of  butter). 

In  the  afternoon:  as  in  the  morning. 

In  the  evening:  as  in  the  forenoon. 

This  diet  necessitates  five  meals  a  day  espccialiy  prepared  and  does 
not  follow  the  average  American  dietary.  In  simple  micioscopiul 
examinations  for  food  digestion,  the  following  diet  as  more  chtxlf 
approximating  the  ordinary  dietary  regime  is  suggested.  Should 
chemical  determinations  for  fat  be  de.^ired  all  fat  containing  foodican 
be  eliminated  except  those  in  which  its  s]>ccific  content  is  known  and  1 
measured  amount  of  fat  given.  The  feces  can  then  be  separated  !>)' 
means  of  larmine. 

AloJi/ied  Sikmiit  Diet 
Brtakfatl: 

too  gruB*  Cream  of  wheat  or  oatmeal 
Ao  gnmi  t«8si 
10  grams  butlrr 
35a  c.c.  milk. 

■  Used  by  Dr.  ReUuM  at  JclIvnoD  Hospital. 
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Rice  coup  (chkkcn  broth  with  ricr) 
too  gnms  ureen  vrgeubk  latparagus) 
100  gram*  matlicd  potato 

60  gmns  toMt 

>o  gnnu  batter 
150  cc.  mine 

4  o'd«ck; 

150  cc.  oi  milk. 

Dinntr: 

150  gtarosol  cbopiH'd  meat.  Krillcd  on  (lie  outalde  snd  run  111  (lie  f«iUW 
100  gram*  green  vegetable  (ipinitch) 
100  gnns  mathed  potatoes 
60  Knot  ot  tout 
M>  grant  of  buttier 
150  ex.  BU)k 
Strwed  Iniit. 

K  EXPERtUENTS   ON   FeCES 

I.  Macroscopimt  Examiiution. — If  the  stool  is  wAteiy  pour  it  Into  a  sbatlow 
dish  and  eiamine  directly.  If  it  is  finn  or  pasty  it  should  be  treated  witb  water 
tad  carefuDy  atirred  befoie  the  examination  for  macroecopical  constituflnts  is 
attempted.  The  macroscoincal  constituents  may  be  collected  very  satisfactorily 
by  means  of  a  double  layer  of  cheese  cloth. 

H  A  Boas  sieve  (Fig.  6.0  may  also  be  used  to  collect  the  macroscopica] 
Bcomtituentg  of  feces.  This  sieve  is  coo&tructvd  of  two  easily  detachable 
^«auspheres  which  are  held  together  by  meaiu  of  a 

ba)«net  catch.     In  using  the  apparatus  the  feces  is 

spread  out  upou  a  very  fine  sieve  contained  in  the 

lower  hemisphere  and  a  stream  of  water  is  allowed  to 

pUyupoa  it  through  the  medium  of  an  opening  in 

tlie  upper  hemisphere.     The  apparatus  is  provided 

*itli  an  oriiice  in  the  upper  hemisphere  through 

v^ch  the  feces  may  be  stirred  by  means  of  a  glass 

nidduringthe  wasliing process.    After  15-30 minutes 

*3ihing  nothing  but  the  coarse  fecal  constituents 

remain  upon  the  sieve.    ■ 


tic.  IS  J. — Boas 
Sieve. 


).  Microscopical  Examination.  After  the  ingestion  of 
^  test  diet  (see  Schmidt  diet  abovej  for  several  days,  a 
^Mimen  oi  the  moreinent  is  collected.  Any  gross  abnor- 
■uUec  ar*  recorded  in  the  form,  conuslence,  and  cltar- 
*ttr  of  the  stool  as  well  as  the  admixture  of  certain  pathological  elements 
*'ich  as  pus,  blood,  mucus,  and  parasites.  The  movement  is  then  rubbed  oat 
^  pUtes  and  the  presence  of  undigested  food-stuJIs  sought  for.  Normally  the 
^  diet  is  afanost  completely  digested  and  no  gross  tmdigested  material  is 
lound.  Therefore  the  presence  of  these  macrosco)iic  rests  is  in  itself  evidence 
"I  ilitturbed  digestion.  Clean  slides  and  cover-glasses  are  then  prepared 
"'d  a  noall  representative  portion  of  the  movement  is  placed  on  each  of  three 
ilidei,    7be  routine  clinical  method  of  examination  foUows:    To  the  first  slide 
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is  added  a  drop  of  distilled  water  and  it  is  then  examiacd  with  low  and  ln| 
powtrg. 

ileal  fibers  ar«  rvudily  recognixed  by  their  yellowish  hyaline  ap- 
pearance possibly  with  a  few  striic  still  Nnsiblc  in  the  fibers.    Should 


Ftc.  64. — A,  inLict  undigc>,Ie4  mi-jtt 
fibcra;  A,  parli&lly  diK^atrd  meat  libera; 
C,  umoit  conpletely  disntMl  Dt«at 
fiber*. 


I':c.  t)i.~A.  ncuinl  fal;  B,  fatty  mP^ 
lilwraicil  bv  Bcelic  acid:  C,  *Mp*i  D,  fitty 

...  ^ 


tablu:  B.  cmpiy  poiiio  cell*)  C,  poCit^ 
cella  filled  With  itaicli,  an<i  stsinea  >iA 
iodine:  lU,  linM  ctlU  found  in  p<4ra;£,sinl 
And  wdckIv  fibf  rs  (rum  pilh  oil  rcgttallCK 
F,  vegetable  liKiit. 


Fw-  in.~A,  eUtiie  liwue;  J),  whit* 
ISbrous  tiwue  (macroKopic);  C".  while 
fibrous  titsue  (microtco|>ic.) 


Fioa.  fi4  V>  fir.— Mktroscopical  CowsnTutKrs  or  Fxcxs. 
meat  fibers  be  found  bound  together  by  connective  tissue  or  ra« 
connective  tissue,  either  white  fibrous  or  yeUovr  elastic,  be  noted.il 
indicates  a  disturbance  of  gastric  function  inasmuch  aii  one  of  thesp^ 
L'ific  functions  of  the  gastric  juice  is  to  dissolve  the  intercellular  tisuc 


FECES 


331 


bindiog  together  the  fibi-rs.  If  iargc  numbers  of  meat  fibers  are  found 
after  a  test  diet,  particularly  if  the  nuclei  are  still  intact  in  the  fibers, 
the  iofcrencc  of  poor  or  low  i>ancrcatic  function  is  justifiable.  This 
is  true  if  it  can  be  demonstrated  that  the  food  has  been  sufficiently 
ioQg  in  its  transit  through  the  intestinal  tract  to  permit  the  pancreatic 
eiuymes  to  carry  on  their  work.     A  dilute  solution  of  methylene  blue 

will  readily  show  the  nuclei  if  present. 

The  second  slide  is  examined  for/u/j  and  then  treated  with  acetic 

add  and  heated  to  split  any  soaps  which  may  be  present  and  form 

/oWy  acid. 

Fats  are  met  with  in  three  forms  (a)  neutral  fats  readily  demonstrated  by 
Sudan  ni,  Scbarlacli  R  or  Osmic  acid;  (b)  fatty  acids  which  are  usually  found  in 
the  form  of  needle -like  crystals  soluble  in  ether,  alcohol,  and  solutions  of  sodium 


Ifio.  ti. — /I, calcium  tuiphatc  cryi- 
■;  8.  cholcttcrol  crytinlti  C,  char- 
1  ddritas:  D.  biunuUi  aub-oiidci 
1;  £,  colcum  oiaktc  cryitolv 


Pm.  69. — A,  Schmidt  lest  baK  for  iludy 

of  pancreatic  (unction;  B.  nuclei  of  meat 
rilxTi  diKi'slrdi    C   nuclei   of   iiicnt     tibrrt 
undigc&tcd;  D,  uniligcsl«d  itaiacd  ibymui 
cclU. 
Fies.  68  Axo  fig. — Microscopic  At  CodtsrirtfeHTS  o»  Fbchs. 


iQdmta  (tbw*  cfystals  do  not  stain  tiMb.  Sudan  III  but  form  drops  on  being 
*unwd);  (c)  Boaps  are  usually  found  in  the  feces  either  ss  amorphous  flakes  or 
■nU^  «llril-lik»  fonnationE,  but  may  occasionally  occur  in  crystxUine  form. 
The  caktsffl  aoapa  whkh  compose  the  bulk  of  the  soaps  in  the  feces  can  be  dis- 
tlntulshed  from  the  potassium  and  sodiimi  compounds  because  of  their  insolu- 
^ty  in  hot  water,  alcohol,  and  ether.  On  heating  with  jo  per  cent  acetic  acJd, 
'"t;  acids  are  set  free  in  drops  which  crystsUize  out  on  cooling. 

Hie  estimation  of  fats  is  a  rather  important  matter  and  the  trained 

er  can  usually  detect  disturbances  in  fat  digestion,     Xormally 

are  fats  present  i»  the  movement,  but  abnormally  their  quantity 

■^  itUtivcly  increased  either  in  total  fat,  or  in  one  of  its  components. 
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While  it  is  true  that  bacterial  activity  plays  3  considerable  r61e  in  tbe 
digestion  of  fats,  a  marked  increase  in  fut  usually  indicates  pancreatic 
disease,  or  a  disturbance  in  pancreatic  function.  This  ii,  of  course,  the 
ca^e  only  when  the  iimount  of  fiit  invested  is  not  in  excess  of  that  i^di 
can  be  readily  handled  under  normal  conditions.  In  ca»es  of  puie 
biliary  obstruction  without  pancreatic  involvement,  fat-splitting  takes 
place  in  a  norm.al  way,  but  the  fatty  acids  and  soaps  formed  are  not 
absorbed  owing  to  the  absence  of  bile.  Such  a  movement  is  full  of 
soaps  and  fatty  acid  crystals  which  on  treatment  with  acetic  acid  show 
a  marked  increase  in  total  fat  over  normal.  Failure  of  absorption 
owing  to  extensive  disease  of  the  intestinal  mucosa  can  produce  a  similir 
picture  but  will  usually  give  some  cytologicat  evidence  of  intestisil 
disease.  Pure  pancreatic  disease  gives  a  marked  increase  in  total  aaij 
neutral  fat  with  the  presence  of  bile.  ^H 

I7ndigeslpd  starches  are  readily  recogniied  by  their  blue  reaction  with  iodiu. 
Tliis  can  be  studied  on  the  third  slide. 

'lliiii  phenomenon  is  the  least  frequent  among  the  different  forms  of 
pathological  digestion  and  usually  indicates  food  bolting,  an  cxcessire 
ingestion  of,  or  poor  preparation  of  carbohydrate  food,  or  an  infection 
of  tlie  bowel  with  so-called  "garungsdyspcpsia"  rather  than  an  aciusi 
disturbance  of  pancreatic  function  in-osmuch  as  the  amyloiytic  functioD_ 
of  the  pancreas  is  the  most  persistent  and  the  last  to  disappear. 

Disturbance  in  cellulose  digestion,  the  presence  of  blood,  leucocyte 
mucus,  etc. .  can  all  be  demonstrated  by  appropriate  technic  and  reprcseni 
a  chapter  in  the  study  of  thefeces  of  great  diagnostic  importance.but  one 
which  is  beyond  the  province  of  this  volume.  (For  further  discu^aon. 
see  page  228.  For  cuts  of  fecal  constituents  found  microscopically, 
see  pages  230  and  231.) 

3.  Reaction.— ^Thoroughly  mix  the  feces  and  apply  moist  red  and  blue  lltmiii 
papers  to  the  surface.  If  the  stool  is  hard  it  should  be  mixed  with  water  befon 
the  reaction  is  taken.  Examine  the  stool  as  soon  after  defecatioD  as  is  convraien'i 
since  the  reaction  may  change  very  rapidly.  The  reactioii  of  the  nonnal  stooU  <i 
adult  man  is  ordinarily  neutral  or  faintly  alkaline  to  litmus,  but  seldom  add. 
Infants'  stools  are  generally  add  in  reaction.  Try  tbe  reaction  to  Congo  rtd 
paper.    Also  test  the  reaction  of  fecal  extract  to  phenolpbtfaaletn. 

4.  Starch. — It  any  imperfectly  cooked  starch -containing  food  has  bten 
ingested  it  will  be  possible  to  detect  starch  granules  by  a  microscopical  exualM' 
tion  of  the  feces.  If  the  granules  are  not  detected  by  a  microscopical  examinatiaa, 
the  feces  should  be  placed  in  an  evaporating  dish  or  casserole  and  boiled  with 
water  for  a  few  minutes.  Filter  and  test  the  filtrate  by  the  iodine  test  in  the  usutl 
way  (see  page 45). 

5.  Cholesterol,  Koprosterol  and  Fat.— Introduce  about  5  grams  of  moist 
feces  into  a  100  cc  glass-stoppered  cylinder.    Add  30  cc  of  distilled  water  and 
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qct.  of  ether,  then  stopper  the  cylinder  and  shJike  vigorously  for  five  minutes. 
iSaw  to  separtte,  pour  or  pipette  off  the  ethereal  solution.  Filter  and  remove  the 
tther  by  evaporatiim.  The  residue  contains  cholesterol  and  the  mixed  fats  of 
Iht  feces.  For  every  gram  of  fat  add  about  i  i/'a  grains  of  solid  potassium  hy- 
droxide and  1$  c.c.  of  95  per  cent  alcohol  and  boll  in  a  flask  on  a  water-bath  for 
one-half  hour,  maintaining  the  volume  of  alcohol  constant.  This  alcoholic- 
(oUtti  has  saponified  the  mixed  fats  and  we  now  have  a  mixture  of  soaps, 
cholesterol  and  koprosteroL  Add  sodiiun  chloride,  in  substance,  to  the  mixture 
tod  extract  with  ether  to  dissolve  out  the  cholesterol  and  koprosteroL  Remove 
Iba  ttter  by  evaporation  and  examine  the  residue  microscopically  for  cholesterol 
uA  ki^osterol  crystals.  Try  any  of  the  other  tests  for  cholesterol  as  given  on 
Ftp  210. 

6.  Blood. — Undecom  posed  blood  may  be  detected  macroscopically. 
U  uncertain,  look  for  erythrocyies  under  the  microscope,  and  spectro- 
Kopcally  (or  iht  spectrum  of  oxvhemoglobin  (sec  Absorption  Spectra, 
Mate  I). 

In  case  the  blood  has  been  altered  or  is  pco^cnt  in  minute  amount 
l"oa:uit  blood"),  and  cannot  be  detected  by  the  means  just  mentioned, 

f'VfollowinK  tests  may  Ik;  tried: 
(a)  Benzidine  Reaction. — Make  a  thin  fecal  suspension  using  about  5  cc  of 
distilled  water,  and  heat  it  to  boiling  to  render  oxidizing  enzymes  inactive. 
To  ]  c.c.  of  a  saturated  solution  of  benndine  in  glacial  acetic  acid  add  3  cc.  of 
3  per  cent  hydrogen  peroxide  and  3-3  drops  of  the  cooled  fecal  suspension. 
A  dear  blue  color  appears  within  one  to  two  minutes  in  the  presence  of  blood. 
If  (he  nuzture  is  not  shaken  a  ring  of  color  will  form  at  the  top.  Minute  traces  of 
blood  are  more  easily  detected  by  the  latter  procedure. 

^  Wagner'  has  simpiilted  the  beazidln  test  so  that  it  can  be  applied 
nutil  more  conveniently. 

Slide  Modification. — Take  up  a  little  of  the  solid  stool  on  a  match,  smear  it 
00  an  object  glass  and  pour  the  reagent  over  it.  It  turns  blue  if  there  is  blood 
pnacnt  and  there  Is  no  misleading  gre«n  tint  from  fluid.  Make  the  solution 
ufoUaws:  Add  a  knife-tip  of  benzidine  to  2  c.c.  of  glacial  acetic  acid,  and 
>dd  M  dropfi  of  a  3  per  cent  solution  of  hydrogen  peroxide. 

V  By  this  dry  technic  there  is  no  danger  of  soiling  the  lingers,  and  the 
tat  is  more  sensitive  than  the  usual  "wet"  benzidine  test.  The  smear 
ofitool  is  cither  blue  or  it  is  not  blue.  The  rapidity  of  the  color  change 
gives  some  idea  as  to  the  proportion  of  blood  in  the  stool;  witli  much 
Wood  present  the  change  to  blue  is  instantaneous. 

(b)  Ortho-tolidin  Test  (Ruttan  and  Hardisty)>— To  1  c.c.  of  a  4  par  cent 

■Waxnct:  ZtMU.  far  Ckirurtif.  41.  No.  18,  1914. 

'  Ruttan  and  Hardisty:  Canidian  MtJkai  Au'm  Jeumat,  Nov.,  1911,  alto  Biockemicai 
»■»..  3,  j»s,  1913. 
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^cial  acetic  acid  solution  of  o-toLdin'  in  a  test-tube  add  i  cc  of  the  solutioo 
under  cxamiiuition  and  i  cc  of  3  per  cent  h)-drogcn  peroxide.    In  Uw  pWMBW 
of  blood  a  bluish  color  derelops  (sometimes  taiber  slowly)  and  yeiaiata 
some  time  (several  hours  in  some  instances). 


I 


Ihis  test  is  said  to  be  as  sensitive  for  the  detection  of  occult  bloodm 
feces  and  fitomach  rontents  as  iii  the  benzidine  reaction.  It  i»  also 
claimed  to  be  more  satisfactory  for  urine  than  any  other  blood  test. 
The  acetic  acid  solution  may  be  kept  for  one  month  with  no  reducUoB., 
in  delicacy. 


I 


(c)  PhtnclphthaUtH  TML'—Make  a  thin  (ecal  susipenxioa  using  about  j  Ci 
distilled  water.    Heat  to  boiling,*  cool  and  add  1  cc  of  the  uupension  to  1  cjc 
the  phenolphthalcin  reiigcnt*  and  a  lew  drops  of  hydrogen  peroxide.    A  fint  or 
rat  color  proinplly  forms  in  the  prwrnce  of  blood. 

SchJTokaucr*  makes  titc  statemeut  that  a  mixture  of  alcohol  and  gladal  atdic 
add  will  give  the  phenol phthalein  reliction  for  occult  blood.  The  action  of  aa  cii- 
riizinit  a^nt  will  make  this  reaction  more  distinct.  Von  Czylharz  and  NeuUadl' 
find  that  a  solution  of  Miilium  salicylate  added  to  a  blood-free  extract  of  feces  «fl! 
give  a  very  deceptive  rcnclion,  while  feces  after  the  ndtninist ration  of  sodium 
salicylate  by  mouih  give  Uie  same  reaction.  The  same  was  true  of  acetyl  salicylic 
add  anil  other  iiimilnr  drugs.  Their  studies  in  dinical  cases  likewise  indicated  ihtt 
the  phenolphthalcin  lest  was  unreliable. 

(d)  Hematein  Reaction  for  Occuil  Blood. — Couturier'  advises  the  userf 
hcmatein^  in  testing  for  occult  blood.  It  is  only  slightly  soluble  in  water, 
but  gives  a  pronounced  red  color.  In  contact  with  sodium  hydroiidt 
this  red  solution  turns  a  deep  violet  blue,  giving  an  in.<ioIuble  compoimil 
of  hcmutein  and  sodium.  This  compound,  exposed  to  the  air  ondtus 
after  several  days,  and  gi\-e8  brownish  or  yellowish  compounds,  depend- 
ing on  dilution.  This  change  is  only  hastened  a  little  by  the  adi^tioa 
of  hydrogen  peroxide,  but  if  a  trace  of  blood  is  added  to  the  hydrogec 
peroxide,  it  takes  place  almost  instantly.  To  avoid  oxidation,  the  bcD- 
atein  -sodium  mixture  should  be  prepared  just  before  use.     Three  fluids 

>  NHi  NH, 


CH, 


CH. 


*  Bou:  Dtiit.  m<4.  Wocli.,  jj,  63,  igi  i. 

*  Boa»  suKKtsli  uiiiiK  an  ether  extract  of  the  (ecaJ  suspension  thus  climbuilj 
necetaity  of  tHiiling.    However,  oxidiiin^t  eniymea  arc  the  main  lource*  of  efrorberei. . 
action  it  easily  and  effectively  eliminalril  by  boiling.     (Sec  While:  Bottom  Uoii^"^ 
Surfical  Journol,  164,  8;6.  ifjii.) 

'  I'tcparccl  by  dtiaolvin^c  i-j  gmms  of  phenoiphlhaltin  and  is  grains  of  KOII  in  loow- 
of  distilled  wnln.     .\<ld  10  RrAmi  of  powdered  dnc  and  heat  gently  until  ihc  tnlutioB^ 
detolorittd,     I'rciiareil  in  this  way  the  solution  wlli  not  deteriorate  on  Msodini, 

•Benin*,  mcd.  Wixh.,  .\iig.  0,  1914. 

*  WUh.  med.  Wock.,  Sept.  5,  1914. 
'  I.yon  Mr4.,  46,  513.  1014. 
■  Htmaltin  i.i  a  brawniih-rtd  cr}-ita11inc  lubstance  derived  from  faematoxrlln 

succeuivc  action  of  ammoniH  and  acetic  acid.     It  ibould  not  be  confuted  nithJ 
the  hcmoglobia  derivative. 
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It  required:  (i)  a  0.05  per  cent  aqueous  solution  of  hcmatein;  (2)  a 
p  per  cent  solution  of  sodium  hydroxide  and  (3)  3  per  cent  hydrogen 
leroxidc.     These  will  keep  almost  indefinitely. 

The  test  may  be  pcrfomicd  as  follows :  T«l»  4-5  cc.  of  the  liquid  specimen  in  a 
lobe  and  in  another  lube  take  tlie  same  amount  of  material  known  not  to  contain 
blood  as  a  cantr<d.  To  each  add  4-5  cc  of  the  sodium  hjrdioxide  solutioa  and 
thake.  Then  to  each  of  the  tubes  add  2  drops  of  the  hematein  solution.  A  blue 
oAtn  of  about  equal  intensity  will  develop  in  both  tubes.  Then  add  10  drope  of 
bplncao  peroside  to  each  tube  and  compare.  If  blood  is  present,  the  tube  con- 
IllBdiig  it  will  turn  vctj  rapidly  (in  three  or  four  second* .1  to  violet  red,  then  in 
tventy  seconds  to  dear  brown,  in  forty  seconds  to  pale  yellow  while  the  second 
mbe  wiU  not  show  these  changes  for  several  minutes.  The  reaction  is  aaid  to 
tttxct  blood  when  present  in  a  concentration  of  i  part  in  400,000. 

Ii)  Ahin-ltirprttfint  Test. — Mix  the  slool  vcrj-  ihoroiighiy  anil  lake  about 
5  puns  of  the  mixture  for  the  test.  Reduce  this  sample  to  a  semi-fluid  mass  by 
neans  of  distilled  water  and  extract  very  tborou^y  with  an  equal  volume  of  ether 
to  nmovc  any  f at  which  may  be  present.  Now  treat  t he  extracted  fec4«  with  one- 
itiidits  volume  of  glacial  acetic  acid  and  locc.  of  ether  and  extract  very  thoroughly 
ubefore.     The  actd-cther  extract  will  rise  to  the  lop  and  may  be  removed. 

Introduce  t-s  cc.  of  this  acid-cthcr  solution  into  a  test-lube,  add  an  equal 
viilame  of  a  dilute  solution  of  aloin  in  70  per  cent  alcohol  and  3-3  cc.  of  ozonized 
turpmtine  and  »hake  the  tube  gently.  If  blood  isprescnt  the  entire  volume  of  fluid 
oidiauily  becomes  pink  and  finally  cherry  red.  In  some  instances  the  color  will 
belimilcd  to  the  aloio  solution  which  sinks  to  the  bottom.  This  color  reaction 
itiould  occur  within  15  minutes  in  order  to  indicate  a  positive  test  (or  blood,  since 
t&t^n  will  turn  red  of  itself  if  allowed  to  stand  for  a  longer  period.  The  color  is 
(t^rity  light  yellow  in  a  negative  test.  Hydrogen  peroxide  is  not  a  satisfactory 
nbRitnie  for  turpentine  in  the  test. 

It)  Cowie's  Guaiac  Test.— To  t  gram  of  moist  feces  add  4-5  cc.  of  glacial 
intic  acid  and  extract  the  mixture  with  jo  cc  of  ether.  To  i-a  cc  of  the  extract 
«U  an  equal  volume  of  water,  agitate  the  mixture,  introduce  a  few  grantilea  of 
P>*dcr*d  guaiac  rosin,  and  after  bringing  the  resLn  into  solution,  gradually  add 
y>  Aopt  of  old  turpentine  or  hydrogen  peroxide.  A  blue  color  indicates  the 
Fnsence  of  bloo<l.  Cowie  claims  that  by  means  of  this  test  an  intestinal  hemor- 
'tii|e  of  I  gram  can  easily  be  detected  by  an  examination  of  the  feces. 

(l)  H'rfff "r  Guaiac  Test. — Mix  a  little  feces  with  jo  per  cent  acetic  add  to  form 
*fliDd  mass.  Transfer  to  a  test-tube  and  extract  with  ether.  If  blood  i»  present 
lit  ether  will  nuumc  a  brownish-red  color,  1-iltcr  off  the  ether  extract  and  to  a 
pwiion  of  the  filtrate  add  an  alcoholic  solution  of  guaiac  (strength  about  1:60),* 
^^  by  <lrO(>,  until  tlie  fluid  bccomr-t  turbid.  Now  add  hydrogen  peroxide  or  old 
W'Ptnlinc.     In  the  presence  of  blood  a  blue  color  is  produced  (sec  page  158), 

{h]  Atid-hetiuitin. — Examine  some  of  the  ethereal  extract  frnm  Experiment  ({) 
VWroieopicalJy.  Note  the  typical  spectrum  of  acid-hematin  (see  .Absorption 
Wra.  Plate  II). 

T.  HjdrobUirubin.  Schmidt's  Test— Rub  up  a  small  amount  of  feces  in  ■ 
""irtti  with  a  concentrated  aqueous  solution  of  mercuric  chloride.    Transfer  to  a 

'^BuckniasiFr  adviics  the  use  ■>f  an  alcoholic  solution  of  guaiacoitic  bcvd  msuad  <A  ».'& 
"Ewlutica  of  jrviiMC'reua. 


'j|*b^wluUa< 
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stuillow,  fUt-botlomed  dish  and  aDow  to  stand  6-34  hoan.  The  presence  ot 
hydrobilinibin  will  be  indicated  by  a  de«p  red  color  being  imparted  to  the  par- 
ticles of  feces  conUiniiif  this  pigment.  This  red  color  is  due  to  th«  formatMo 
of  hydrobilinibln-mercury.  U  uoaJlered  bUlrubln  is  present  In  any  portioa  o( 
the  feces  that  portion  will  be  green  in  color  due  to  tbe  oxidation  of  bilinibia  t« 
biliverdin. 

Another  method  for  the  detection  of  hydrnbilitubin  is  the  following;  Treat 
the  dry  feces  with  absolute  alcobo)  addifi«d  with  sulphuric  acid  and  shake 
thoroughly.  The  ariilitied  alcohol  extracts  the  pigment  itiul  uxumes  a  rcddiili 
color.  Examine  a  little  of  tliis  fluid  spcctroMopicaUy  and  note  tbe  lypkal 
spectrum  of  hyiirobilirabin  (Absorption  S|>ecira,  Plate  II). 

8.  Bilirubin-'  (a)  Gmelin's  Test. — Place  a  few  drops  of  concentrated 
nitric  acid  in  an  eraporating  dish  or  on  a  porcelain  test-tablet  and  allow  a  few 
drops  of  the  feces  and  water  to  mix  with  it  The  usual  play  of  colors  of  Gmetia's 
test  is  produced,  i.e.,  green,  blue,  violet,  red,  and  yellow.  If  so  desired,  this 
test  may  be  executed  on  a  slide  and  observed  under  a  microscope. 

(6)  Hitp^'s  rwf.— Treat  the  feces  with  water  to  form  a  scmi-iluid  mass,  add 
an  equal  amount  of  milk  of  lime,  shake  UioroughJy,  and  filter.  Wash  the  predpi- 
Catc  with  water,  then  transfer  both  the  paper  and  the  precipitate  to  a  small  beaker 
or  flask,  add  a  small  amount  of  95  per  cent  alcohol  acidified  dl^tly  with  sulphuhc 
add.  and  hcnt  to  boiling  on  n  wntcr-bath.  The  presence  of  bilirubin  is  indkaUd 
by  the  alcohol  assuming  a  green  color, 

Stcensma  advises  the  a<l<iition  uf  a  drop  of  a  0.5  per  cent  solution  of  sodins 
nitrite  to  the  acid-alcohol  mixture  before  warming  on  the  wnter-bath.  Try  lbs 
moililicfttion  also. 

9.  Bile  Acids. — Extract  a  small  amount  of  feces  with  alcohol  and  filter. 
Bvaponite  the  filtrate  on  a  water-bath  to  drive  off  tbe  akobol  and  dissolre  (b« 
residue  in  water  made  slightly  alkaline  with  potassium  hydroxide.     Upon 
aqueous  solution  try  any  of  the  tests  for  bile  acids  given  on  page  20S. 

to.  Casdn.^ICxtr.ict  ihc  ftcsh  trrcs  firsl  with  n  dilute  solution  of  sodii 
chloride,  and  later  witli  water  acidilJcd  with  dilute  acetic  acid,  to  remove  soji 
proleinK.  Now  extract  tJie  fecci'  with  0.5  per  cent  sodium  carl>oiiute  uid  filUt 
Add  dilute  acetic  add  to  the  nitrate  to  precipitate  the  casein,  being  cardtil 
not  to  add  au  excess  of  tbe  reagetit  ;t.i  the  casein  would  dissolve.  Filter  oQ  tk 
casein  and  test  it  according  to  directions  sive&  on  pa^  jai.  Casein  is  ioasA 
prindpally  in  tbe  feces  of  childreji  who  have  been  fed  a  milk  diet.  Mucin  «xiuld 
also  be  eximcted  by  the  dilute  alkali,  if  present  in  the  feces.  What  test  ccuiil 
you  make  on  the  newly  precipitated  body  to  diSerentiatc  between  mucin  ud 
casein? 

ir.  nucleoprotein.— Mix  the  stool  thoroughly  with  water,  transfer  to  a  flsA 
and  add  uo  c(iu;d  ;iitiouiit  of  saturated  lime  water.  Shake  frequently  fa«  a  ft* 
hours.  Alter,  and  ptccipiiatc  the  nudcoprotein  with  acetic  acid.  Filler  oS  Ik^ 
predpitate  and  tc&t  it  as  follows: 

(o)  PkoifihoTus.—Te^l  for  phosphorus  by  fusion  (sec  page  129). 

{6)  Sotubilily. —Try  ihc  solubility  in  the  ordinAr)'  solvents. 

(c)  Pro(ein  Ccfor  Tesl.- — Try  any  o(  the  protein  color  tests. 

I  Tbe  detection  of  bilirubin  in  the  feces  is  comparatively  simple  provided  it  it  ddI  u- 
eompanted  by  other  jtiKmcnii'.  When  other  pigmentsare  ptcscnt,  however,  li  is  difficult  u 
detect  the  bUinbin  and,  at  liine»,  may  be  tound  Inpowltue. 
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What  proof  hive  you  that  the  above  body  was  not  mucin?  Whai  other  lest 
can  you  mm  to  diacrcntiuie  btaweeu  nuclcoproiein  and  mucin? 

IS.  Albumin  and  GkibulxD.'-EKlr.-icl  the  fresh  feces  with  a  dilute  solution  of 
eodiiun  chloride.  (The  preUmiDary  cxUact  from  the  prcparati<Hi  of  casein  (lo), 
above,  may  be  uliUzed  here.)  Filter,  aiid  saturate  a  |H>rti()n  ot  the  filtrate  with 
•odium  chloride  in  substance.  A  precipitate  sipiifics  globulin.  Filter  off  the  pre- 
itale  and  acidify  tlie  filtrate  slightly  with  dilute  acetic  acid.  A  precipitate  at 
ds  point  sifcniAes  nlbumin.     Make  a  protein  color  (est  on  each  of  these  bodies. 

13.  Proteose  and  Peptoo«. — Heat  to  boiling  the  portion  of  the  sodium  chloride 
extract  not  used  in  the  lost  experiment.  Filler  oH  the  cottgulum,  if  any  forms. 
Acidify  the  nitrate  slightly  with  acetic  acid  and  saturate  with  sodium  chloride  in 
■ubstance.  A  precipitate  here  indicates  proteose.  Filter  it  oS  and  teat  it  according 
to  directions  given  on  page  no.    Test  the  filtrate  for  peptone  by  the  biuret  test. 

14.  iDorganlc  Constituents. — Incinerate  a  small  amount  of  feces  in  a  crucible 
and  dissolve  the  ash  in  a  small  volume  of  dilute  nitric  acid.  Dilute  with  water  and 
filur.    Make  the  following  tests  upon  the  clear  filtrate. 

(a)  CUirrida. — Addify  with  nilric  acid  and  ad<i  silver  nitrate. 

(4)  J'ltMfkales. — Addify  with  nitric  acid,  add  molybdic  solution,  and  warm 
pntly. 

(()  Stdfihattt. — Acidify  with  hydrochloric  add.  add  barium  chloride,  and  warm 

(ii  CaUittm. — Neutralize  with  ammonium  hydroxide,  make  ^ij^itly  acid  with 
•cctic  acid  and  add  ammonium  oxalate.    Let  stand. 

(e)  Vagnetitm. — Neutralise  with  ammonium  hydroxide,  and  add  NsiHPOt 
and  excess  of  NHtOH.    I^t  stand. 

15.  Indole  Reactions.— Rub  up  the  stool  with  water  to  form  a  thin  paste 
■nd  dittiU  first  in  alkaline  and  tb«n  in  acid  solution.  Test  the  distillate  by 
Mi  of  th«  tests  for  the  detection  of  indole  in  putrefaction  mixtures  (,Bee 
t*te  118 1. 

16.  Sdunidt's  Nuclei  Test. — This  test  serves  as  an  aid  to  the  diag- 
Bosis  of  pancreatic  insuificifncy.  The  test  is  founded  upon  the  theory 
that  cell  nuclei  are  digestible  only  in  pancreatic  juice,  and  therefore 
Ifaat  tile  appearance  in  the  feces  of  such  nuclei  indicatct  tnsuflicicncy  of 
pmcrcatic  secretion. 

Tbe  procedure  is  as  follows:  Cubes  of  fresh  beef  about  1/3  cm.  square  are 
codoied  in  smaD  gauze  bags  and  ingested  with  a  test  meal.  Subsequently 
■be  (ecal  niais  resulting  from  this  test  meal  is  examined,  the  bag  opened,  and 
Oit  unditioii  of  the  enclosed  residue  determined.  Under  normal  conditions  the 
''fia  would  be  digested.  Therefore  if  the  nuclei  are  found  to  be  for  the  most 
fin  undigested,  and  the  intervening  period  has  been  sufficient  to  permit  of  the 
'■U  acting  (d  the  peacreetic  function  (at  least  six  hours),  it  may  be  considered  a 
iV  cf  pancreatic  InsoffideaQr  (see  Pig.  69,  p.  331J, 

It  has  been  claimed  by  Steele  that  under  certain  conditions  the  non- 
■lipstion  of  the  nuclei  may  indicate  a  general  lowering  of  the  digestive 
power  ratlier  than  a  true  pancreatic  insufficiency. 

Kashiwado'  ha.s  suggested  tlie  use  of  stained  cell  nuclei  in  this  test. 
^  preparation  put  out  under  the  name  "Gcfarbtc  ^cwcNs^Vtroit  tnlX 

'Sjuluw»do:  l>eiil.  yfnk.  Kliti.  Mei.,  r04,  J84,  1911. 
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PankreasfuQtionsprilfung  nach  Prof.  Dr.  Schmidt  uiu)  Dr.  Kashi 
consists  of  a  mixed  preparation  of  thymus  cells,  the  nuclei  of 
are  stained  by  iron  hematoxylin,  and  lycopodium  powder, 
administration,  the  lycopodium,  which  is  readily  recognized,  is 
for  in  the  stool  and  when  found  that  portion  is  examined  for  the ! 
thymus  cells-  Their  statement  is  as  follows:  If  stained  nu< 
not  found  in  the  feces  after  an  inti^stinal  transit  of  sufficient  di 
(at  least  six  hours)  normal  pancreatic  function  (external)  is  ind 
If,  however,  all  or  part  of  the  cells  are  found,  a  definite  disturbi 
pancreatic  function  is  present. 

17.  Influence  of  Drugs  upon  the  Color  of  the  Stool.  -  Ingest  an  on 
mixed  diet,  take  the  indicated  doxe  of  one  of  the  foUowing  drugs,  "1 
the  feces  (see  page  587)  and  after  the  "aiaik«T"  appears  note  the  cototf 
ttooJs  evacuated : 


Drug 


DoH 


BismoUi  subniUale,  scomt  I 


Calomel,  mg.. 


Reduced  iron,  sag.. 


Ucthylene  blup.  mg.. 


MunKSnCie  dioijde,  Dg., . . 


Hematoxylia,  Kranu. 


Khubaib,  cc.  fluid  eittact.. 


Senna,  c.c.  fluid  extract. . 


Color  of  rtool 


Block. 


IJ0-I40I  Green. 


65-70     Grayish  black  turning  darker  00  exposare 


■30-140  Blue,  e$|>ecliilly  after  exposure  to  air. 


>jo-i40|  Dark  broirD  or  black. 


Reddish  brown. 


Yellow, 


Dark  yellow. 


Cambogia,  mg 130-140   Dark  yellow. 


Santouin,  mg ,  65-10  ,  Dark  yellow. 


18.  Knhorn's  Bead  Tut' — This  is  »  method  for  teatiog  the  ditettiv^ 
don.    lo  Bome  respects  it  is  similar  to  Sahli's  desmoid  rcactioii  (&o« 
Analysis).    The  procedure  consists  in  wrappios  the  material  under  ezami 
(catgult  fish-bone,  raw  beef,  cooked  potatoes,  thymus  gland  or  mutton 
in  gauze  to  which  glass  beads  of  various  colors  are  attach«d  and  enclosing 
and  beads  in  a  gelatine  capsule.*    The  gelatine  capsule  is  swallowed  asa 
beads  serve  to  facilitate  the  separation  of  the  gauze  from  the  feces.    The  IM 

>  Eiohorn:  The  PoU-Cfoduatt,  May,  141  j:  Boai'  Aitk.,  i»,  j6,  1906;  13,  i$,  t 
47S;  i;,  part  1.  11300. 

•  Ordinarily  two  robstances  are  Bllachf^d  to  each  bead,  tlir«  beads  lied  ti 
cBcloKdin  one  capsule    Te»i  cip*ulca  may  be  obtained  from  Eimer  and  Amend, 
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mthia  the  game  is  then  examined.  If  beads  appear  in  much  less  than  24  hours 
la  accelerated  motility  is  indicated,  whereas  an  interral  of  48  hours  or  over 
tlaptmg  indicates  retarded  motility.  If  gastric  functioa  alone  is  to  b«  studied 
dk  ttueads  are  attached  to  the  beads  and  the  latter  are  withdrawn  and  examined 
btfote  they  have  passed  into  the  intestine. 

19.  "Separation"  of  Feces. — In  order  to  become  familiar  with  the  method 
ordinarily  uliUzcd  in  metabolism  experiments  to  differentiate  the  feces  which 
ttatSfoai  to  the  food  ingested  during  any  given  interval,  and  at  the  same  time 
tosecore  data  as  10  the  length  of  time  necessary  for  ingested  substances  lo  pass 
Arongh  the  altmenlar7  tract  proceed  as  follows:  Just  before  one  of  the  three 
DMtls  of  the  day  ingest  a  gelatine  capsule  (No.  00)  containing  0.1-0,3  of  *  gram 
of  carmine  or  charcoal.  Make  an  inspection  of  all  stools  subsequentiy  dropped 
Md  note  the  time  interval  elapsing  between  the  ingestion  of  the  capsule  and  the 
■fpeaiance  of  its  contents  in  the  feces.  Under  normal  conditions  this  period  U 
trdinarily  34  hours.     This  test  is  thus  an  index  of  intestinal  motility. 

10.  Influence  of  Foods  upon  the  Color  of  the  Stool. — Ingest  a  diet  which 
contains  a  liberal  quantity  of  one  of  the  following  articles  of  diet,  "separate"  the 
Itces  tpage  587I  and  after  the  "marker"  appears  note  the  color  of  the  stools 
ericualcd: 


I 


Article  of  diet 

Colot  of  stool 

MUk. 

.  1   Lijtihf  yellow  or  gra^ih  white. 

U«l 

.  1  Browitish  bkck. 

Qlotophyllk  vegetables,  r.{.,  spjn&ch... 

Crcenisli. 

Naa-chlorophyHic  vrgttahlvt  .  . 

Light  brown. 

.     Reddish  brown. 

CdCM 

Dork  red  or  cbocoUce  brown- 

CoBw 

Dark  bruwti. 

.  1  Light  colored. 

n.  Qoantllatfre  Deteradnation  of  Fecal  Amylase  (Tlie  Author's'  Modification 

<A  Wohlgcmuth's'  Method).— Wdgh  accurately  about  2  grams  of  fresh  feces  into 

*BorUr,*add  S  c.c.  o(  a  phosphulechloriik-  jtolmion  (0.1  mol  dihyilrogcn  sodium 

|A<V^te  and  o.i  mol  disodium  hydrogen  phosphale  per  liter  of  i  per  crnl  wjdium 

tMoridc}.  I  c.c.  at  a  time,  rubbing  the  feces  mixlure  to  a  homogeneous  consistency 

I'Ur  esch  arldllion  of  the  cxlmciion  medium.     I'cnnit  the  mixture  to  ulund  at 

fWii  temperature  for  s  half-houi  with  frequent  stirring.     We  now  have  a  neutral 

"dl  mspenaiun.    Transfer  this  suspension  to  a  15  c.c.  graduated  cenlrifuge  tube, 

^1^  tan  to  wash  the  mortar  and  penile  carefully  with  the  phosphalc-rhloridc 

idution  and  add  all  washings  to  the  suspension  in  the  centrifuge  tube.    The  sus- 

PtnsjOD  is  now  made  up  to  the  15  c.c.  mark  with  the  phosphnte- chloride  toluiion 

'Rswk:  Arch.  titl.  Utd..  8,  sji.  igii. 

'Woh^mulh:  Brrl.UiH-  tTixA..  4;,  j,  9:,  igio;alMsn  page  193,  this  book. 

'  Dvpbcste  dclcnninations  should  be  made. 
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sod  ccDcrifugatcd  for  a  i5-miautc  period,  or  longer  if  atcei&ary,  lo  aeetiRWkl 
factory  Mdi  menu  lion.     At  llii.t  point,  read  luid  record  the  hdftht  of  the  st^ncM  I 
column.    Remove  tbc  supcrnatsnt  liquid  by  me«na  of  a  bent  pipette,  Iraasfti  It  u  I 
a  50  c.c.  volumetric  tUuilc  and  dilute  it  to  the  50  c.C.  mark  with  tlic  pllo^lal^  | 
chloride  solution.    Mix  the  fecal  extract  thoroughly  by  taking  and  detettaiHia  I 
amylolylic  activity.    For  thi^  putpose  a  series  of  six  graduated  tube*  a  imftitt.  I 
rontaining  volumes  of  the  extract  ninging  from  3.5  c.c.  to  0.078  c.c.    Each  of  tk  I 
iolermediaie  tubes  !d  this  series  will  thus  contain  one^iaU  as  mudi  fluid  ai  tb  1 
preceding  tube.     Now  make  the  contents  of  each  tube  3.5  c.c  by  means  dtk 
phoiphatechlaridc  solulioo  in  order  to  secure  a  uniform  electrolyte  concetitntka. 
Iniroduce  5  c.c.  of  a  i  per  cent  Huluble  starch  solution'  and  three  drops  oltiAld  I 
into  each  tube,  thoroughly  mix  the  contcnta  by  shaking,  close  the  tubes  by  taau 
of  stoppers  and  place  ihem  in  an  incubator  at  sS^C.  for  34  hours.     At  theeodd  < 
this  timcrcmovethcliilies,  fill  each  to  uithin  half  an  inch  of  the  top  with  ice-aita, 
add  I  drop  of  leDlh-nornial  iodiii  soluiion,  thoroughly  mix  the  contents  and  enmM 
the  tubes  carefully  with  the  aid  of  a  strong  light.     Select  the  last  tube  in  tbctcoa 
which  shows  entire  absence  of  blu«  color,  thus  indicating  tbat  tfae  siaich  has  bm 
completely  tran.t(ormed  into  dextrin  and  sugar,  and  calculate  the  amylolytic  aclniQr 
on  the  ba&is  of  this  dilution.     In  case  of  indecision  between  two  tubes,  add  anotn 
drop  of  the  iodin  solution  aiid  observe  tbcm  again.* 

The  amylolytic  value,  Df,  of  a  given  stool,  may  be  expressed  in  terms  o(  1  te.  I 
of  the  sediment  obtained  by  centrifugation  as  above  described.    For  example,  ij  ii 
is  found  that  0.31  c.c.  of  the  phosphate-chloride  extract  of  the  sXool  acting  at  j/K-  ' 
for  34  hours  completdy  transformed  the  starch  in  j  c.c.  of  a  1  per  cent  sUtdhab-  J 
tion,  then  we  trould  have  tbc  following  proportion:  ^^^H 

0.31 : 5  (cc.  starch)  ::  i(c.c  extract)  :X  ^^H 

The  value  of  X  in  this  case  is  16. i,  which  means  that  i  c.c.  of  the  fecal "SBB 
poMesses  tbc  poucr  of  completely  digesting  16.1  c.c.  of  a  i  per  cent  starch  sotnlliS 
in  34  hourt  at  jS^C. 

Inasmuch  as  stools  vary  so  greatly  as  to  water  content,  it  is  essential  to  u 
accurate  comjinrison  of  stools  that  such  compurison  be  made  00  the  basb  of  lltt 
solid  mnlter.  Supposing,  for  example,  that  in  the  above  detenninalion  weW 
6.3  c.c.  of  sediment.     Since  the  supernatant  fluid  was  removed  and  made  up  i> 

*  In  preparinit  the  1  per  cent  solution,  tbc  weisheJ  starch  powder  should  be  ifisMM 
in  cold  ifiatOleit  wairr  in  a  casierotc  anil  stirred  uctil  a  homogeneous  sutpcnskw  is  obtsiaE^ 
The  mixture  ibouUl  then  be  heated  with  constant  utirrlng,  until  it  is  clear.  'Xiiii  ordinlii!; 
takM  tram  dghl  to  Icn  minuies.  A  sligbtly  opaque  solution  Is  thus  obtained,  wkiA 
■hould  be  COOUd  au<l  ma/lr  up  to  the  proper  volume  brfuie  using. 

*  Tlieorelically  we  would  cipect  the  eolon  to  ran^c  f coin  a  light  yellow  to  a  dark  Ui»i 
with  red  riihc*  holding  an  intcrmodiatc  pnHlion  in  (he  writs.  Tmi  COlOT  sequence  ijM 
often  occut,  but  ii^occurteoce  is  far  from  univrrtal.  Many  times  the  Snt  tnbc^in  tbcSMifi- 
i.e.,  tboM  containing  the  luKeit  quintiticis  of  the  Cecal  extract,  will  exhibit  a  bluish  call  <i 
color  which  xhould  not  be  (onfiiuii  nidi  the  stATch  coloi  rcitction.  When  these  blue  tu^ 
are  present,  ihcy  are  generally  |.>lloweiJ  by  yellow,  ledand  blue  tubes  la  order,  the  final  Uu 
lube,  of  course,  bebg  Ihc  rrEulatiun  starch  reaction.  Occasionally  greenish  colon  will  U 
obtained  lo  the  left  of  the  ic>l  roior  It  alto  Mimctiroa  happeni^  that  (l  b  soraewbsl  dil- 
ficulc  to  del  ermine  in  which  lubr  to  the  naht  of  the  red  color  ihtiitiiTehbluccototisAntdi> 
tecled,  unlni  the  tube  be  eiamincil  tarelullj'  before  a  strung  lighi.  In  every  instaace,  !»•• 
ever,  when  theic  blue  and  srccn  colors  are  observed,  it  it  noted  that  lulm  posKSSiog  Its 
true  dextrin  ted  color  are  alwa)'} prctent  between  these  tubm and  the  tubes  |iiiiiiiiiiiinlk 
true  starch  blue  color.  It  b  evident,  therefore,  ihat  these  bluish  tints  in  the  tubes  l«  tk 
Icfi  of  the  dextrin  color  cannot  be  due  to  the  pretence  of  starch.    The  cause  oi  the  bhucdM 

reaction  in  ihe  lirsl  tubes  of  the  scries  has  not  been  ucci\ainci\  aa^^ 
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pejc  before  te*Ung  iu  nmylolylic  value,  ll  is  evident  that  1  c.c.  of  tbii  sediment  is 
■quh-alcnt  to  $.1  c.c.  of  cxtrRCt.  Therefore,  ia  order  to  derive  the  ainylol)'tic 
value  of  I  c.c.  of  sediment,  we  must  multiply  the  value  (16.1}  as  obtained  above 
EhiIm  extract,  by  8.1.  This  jiclds  130.4  and  enables  us  to  express  the  activity 
ta  fdlows: 

D^»;  -  .30.4 
The  above  tnctbod  of  calculation  is  that  suggested  by  Wohlgemuth,  In  case  lime 
ud  facilities  permit  of  tlie  determination  of  the  moisture  content  of  the  feces,  it  is 
inucfa  more  accurate  and  satisfactor>'  to  place  the  amylolytic  values  of  the  stools 
«DS''gram  of  dry  matter"  ba^s.  The  amylolytic  values  of  the  xtools  are  expressed 
uthe  nuinbcT  of  cubk  ccnlimelcrs  of  i  per  cent  slarch  solution  nhicb  the  amylase 
cvotcnt  of  t  gram  of  dry  feces  is  capable  of  digesting, 

u.  Qtuntitative  DeterminatiOD  of  Fecal  Bacteria.' — The  method  is  a  simplU 
tcation  of  MacNcal's  adaptation  of  the  Sirasburgcr  procedure.*  About  1  grams  of 
fews  ate  acctinitely  trcjgbed  and  placeil  in  a  50  c.c.  centrifuge  tube.  To  the  feces 
in  (he  tube  a  fen  drops  of  o.a  per  cent  bydrocbtoric  acid  are  added,  and  the  material 
knind  to  a  smooth  paste  by  means  of  a  glass  rod.  Furtlier  amounts  of  the  acid 
in  added  with  continued  crushing  and  stirring  until  the  material  is  thoroughly 
uvoided.  The  lube  is  then  whirled  in  the  centrifuge  at  liigh  speed  for  one-half 
10  one  minute.  The  suspension  is  found  sedimented  into  more  or  lest  definite 
h>'«s.  the  uppermost  of  which  is  fairly  free  from  the  larger  particles.  The  upper 
lodmore  liquid  portion  of  the  suspension  is  nov  drawn  off  bj-  means  of  a  pipette 
ud  transferred  to  a  beaker.*  The  sediment  remaining  in  the  tube  is  again  rubbed 
upvitb  the  glass  rod  with  the  additiuu  of  further  amounts  of  dilute  acid,  and  again 
ttntiifugalizcd  for  one-half  to  one  minute.  The  supernatant  liquid  is  pipetted  ofi 
ud  added  to  the  first,  tlie  same  pipette  being  used  for  the  one  ile termination  througb- 
BUL*  A  third  portion  of  the  dilute  acid  is  then  added  to  the  sediment,  which  is 
i|iiD  PDixed  by  stirring  and  again  centrifugaliaed.  All  tbe  washings  are  added  to 
■hfini  one,  and  during  the  process  care  is  taken  to  wash  the  material  from  the 
<alUaad  mouth  of  the  centrifuge  tube  down  into  it.  Finally,  when  the  sediment 
Unfficiently  free  from  bacteria,  the  various  remaining  particles  arc  visibly  clean, 
md  the  supernatant  liquid  after  cenlrifugalization  remains  almost  dear.  This  is 
tmond  to  the  beaker  in  which  are  now  practically  all  tlie  bacteria  present  in  the 
MijiiBl  portion  of  feces,  together  with  some  solid  matter  not  yet  separated.  In  the 
ctnirifuge  tubes  there  is  a  considerable  amount  of  bacteria-free  solid  matter, 

The  suspension  is  now  Iransfcned  to  the  same  centrifuge  tube,  ccntrifugaliKcd 
bra  miotite,  and  the  supernatant  liquid  transferred  to  a  clean  beaker  by  means  of 
Ibcmnje  pipette.  The  tube  is  then  refilled  from  the  first  beaker  and  thus  all  tbe 
n^mtsion  cenlrifugnlijxd  a  second  time.  The  beaker  is  finally  carefully  wnshed 
rilh  tbe  aid  of  a  rubber-lipped  glaw  rod,  the  second  sediment  in  the  centrifuge 
•fee  is  washed  free  of  bacteria  by  means  of  Ibis  wash  water  and  by  successive  por- 
ioas  of  the  dilute  acid,  and  the  supernatant  liquid  after  cenlrifugalization  is  added 
D  tbe  contents  of  tbe  second  beaker.     The  second  dean  sediment  is  added  to  the 

>Ma(lillaiid  Hawk:  Jour,  liip.  Med.,  14.  4iS,  1131 '■ 
Vj4acNeal.  Lalzer  and  Kerr.  Jour.  Inf.  Dit..  6,  ijj.  1909. 

V'A  JJC'C,  nipetleitthcaioitMtiifactofy  size;  to  fsciliute  observation,  the  delivery  tube 
IMBt  near  the  tiulb  to  an  ansle  of  aboui  no  devices. 

*  A  cuah-f  uleot  su^iporl  fur  the  pipettes  h  a  wire  ^prin^  on  a  gUfs  base,  such  as  u  used  OD 
4ak,  for  pen-holtlen.  The  delivery  tube,  just  nhcrc  it  h  bent,  is  inserted  between  the 
its,  and  any  liquid  not  delivered  collect*  In  the  bend  ol  the  tube. 
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Btit.     Tbe  bacicrial  ampcRuon  iww  in  the  second  beaker  is  again  ccntrifuniiiiri 
in  the  snnic  wiiy  and  a  Uiiril  jwrtion  o(  t>acteria-(rcc  tcdimcnt  is  separated,    ftt- 
qucntly  a  fourth  serUl  ccnlrifuKalizHtion  b  pcffonned—always  ii  the  thin!  Mxtinat 
is  of  appreciable  ciuunlity.     Al  all  »!&£«*  o(  Ihe  Hparalion,  small  portionf  of  t^ 
dilute  hydrochloric  acid  arc  used,  so  that  the  final  suspenuon  shidl  not  be  too  vo- 
lumiuouii.    Ordinarily  tt  amounts  to  125  to  loo  ex.    At  tbe  same  time,  tbciaal 
amount  of  lluid  should  not  be  loo  small,  els  shown  by  EhrcDpfonlt,*  because  ibe 
viacosity  accompauyiug  increased   concentration   prevents  proper  and  cooipfete 
snlimenliiiion. 

To  the  final  bacterial  suspension  an  equal  \-olume  of  alcohol  ti  xlded  u«l  llse 
beaker  set  asiile  to  concentrate.     A  water-bnth  at  50°  to  6o'C.  is  very  satisfactcry- 
Afler  two  or  three  da>'s,  when  the  liquid  is  concentrated  to  about  50  c.c,  Ibe  beaker 
is  removed  and  about  200  c.c.  oi  alcohol  are  added,     t'he  beaker  is  covered  init 
allowed  to  stand  at  room  icmpcruture  for  24  hours.     At  the  end  of  this  time  the 
bacterial  »ubalaiicc  is  generally  settled,  so  that  most  of  the  clear  supcmatani  liqiud, 
of  ilark  brown  color,  can  be<lircctly  sijibooed  off  without  lossof  S(4id  matter.    Tk 
remainder  is  then  transferred  to  centrifuge  tubes,  ccntrifugalized,  and  llie  remutuif 
dear  liquid  pipetted  olT.*    The  sediment  consist!  of  the  bodirs  of  the  bactcris,  it>l 
is  ttKUsfcired  to  a  KjcldAhl  ftask  for  nitrogen  determination.     This  is  tlie  bicttiiiJ 
nitrogen.    Where  a  determination  of  bacterial  dry  substance  is  desired,  the  te& 
mcnt  of  bacteria  is  extracleil  by  nbsolutc  alcohol  and  cchcr  in  succession,  tnw 
(erred  to  a  weighed  porcelain  crucible,  and  dried  at  lOj'C.  to  constant  wdgbi. 
This  dried  sample  is  then  used  in  the  nitrogen  delrrminalion.     Our  prootdm 
diSers  from  that  of  MacNeal  in  that  the  bacterial  dry  matter  is  not  deterasDcd 
A  saving  of  about  seven  days'  time  and  of  considemble  labor  is  accompliibcJ  bf 
this  omission. 

Inasmuch  as  it  has  been  shown  by  various  investigators  that  such  baclem  u 
arc  present  in  the  feces  contain  on  the  average  about  1 1  per  cent  of  uitrogen.  tb 
values  tor  bacterial  nitrogen  aa  determined  by  our  method  m;iy  ounvenicntly  «ent 
as  a  basis  for  the  calculation  of  the  nctunl  output  of  bacterial  substance. 

33.  Quantitative  Determination  of  Indol  in  Feces.  Bergeim'sModiltcationoftbc 
Hener-Foster  Method. '—/Viiiii^/c. — The  feces  if.  distilled  from  alkaline  solaiioo 
to  remove  pbcnob.  This  distillate  arc  again  distilled  from  acid  soJuiion  to  remcu 
ammonia.  The  iudul  in  the  linal  disliltatc  is  treated  with  ;)-naphthaquinoncsodiuai 
raonosulphonatc  and  alkali  and  the  blue  compound  formed  extracted  with  dlloro- 
form  and  <leterroined  colorinieirical!)-. 

Prorriiurt. — Rub  30-30  grams  of  the  fresh,  well-mixed  feces  in  a  mortar  mifc 
water  to  a  uniform  consistency.  Transfer  to  a  wide  mouth  Kjeldahl  flask  of  abttf 
1000  c.c  capacity,  rinsing  monar  and  neck  of  fla»k  with  distilled  water  to  laab 
about  400  c.c.  Add  5  c.c.  of  10  per  cent  KOH  solution  and  about  a  cc.  of  poiaSa 
to  decrease  foaming.  Distill  with  steam  using  ordinary  Kjeldahl  ilistjllation  4>- 
paralus  with  good  stream  of  water  in  the  condenser.  Heat  carefully  for  a  ff 
minutes  until  danger  of  foaming  is  pafil  and  then  allun*  10  boil  vigorously.  Distil 
over  500  c.c.  of  liquid,  bringing  ihr  volume  of  the  fecal  suspension  down  to  about 
100  C.C.  toward  the  end  of  the  distillation. 

■  Bbrenpfardt:  Ztil.  exp.  Path.  Ther..  7,  jSSi  «909- 

■In  later  work  (»tc  Itlnihcrwirk  and  Huwk:  Biochrm.  Butt.,  3,  }8,  lOij)  M  ■*' 
found  advanlageoiu  to  ccnlriluKalLic  with  alcohol  and  ether  in.suce«SMon  befofe  ttsm- 
fcrring  the  bacterial  edit  to  KJelcl.ih!  Iliitks. 

*JJerlnr  and  Foster:  Jour.  Bid.  Chtm.,  1,  157,  igo6.  ttergclm,  Fishback,  and  Ils<t: 
Vapabiidied  data. 
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n-nsScT  ihc  (tt^lillntc  to  a  dean  Kjdtlahl  6uk,  add  i  drops  of  phenol  pht  half  is 
indkatOT.  Make  neutral  with  N  sulphuric  icld  aod  add  i  c.c.  vxccm.  Dis- 
itb  *te>ni  as  before,  collecting  the  dm  500  cc.  of  distillate  and  bringlag  tbe 
K  finall)-  to  about  100  C.C.  Mix  distillate  well  by  shaking. 
kke  an  aliquot  portion  of  the  itiatitUttv  (100  c.c);  ailH  ■  ex.  of  a  2  per  cent 
m  of  0-naphthaquiiiane  sodium  monosulphonate  solution.  Then  add  i  c.c. 
per  cent  KOH.  Shake  and  let  stand  fur  1  ^  minutes.  l'hi»  is  bent  carried  out 
Ijo  c.c.  Squibb  shupe  wparutory  funnel.  Exlrsct  with  cbloroform.  shaking 
Dudy.  using  a  10  c.c.  aod  a  ?  c.c.  ponton  which  will  bring  ihe  total  volume  of 
itract  to  the  mark  of  a  15  c.c.  graduated  tube.  Mix  Ihorouxhiy.  Run  at 
unc  time  and  in  the  same  way  a  standard  using  i  c.c.  of  a  solution  of  indol  o.i 
)f  indol  per  c.c.  Compare  the  extract  with  this  standard  In  a  rolorimcter, 
th«  standjird  ordinarily  at  the  .jo-mm.  mark.  Calculate  the  indol  to  the 
Df  roiUigrams  of  indol  per  gram  of  moist  (ecex. 

idol  and   naphthaquinonc  solutions  should  be  freshly  prepared  or  may  bt 
in  the  ice-bos  for  some  days.     Indol  distillalei  should  be  kept  in  the  ice-box  ^ 
l»ed  at  once,  es|H-i:ially  in  hot  weather.     The  feces  must  be  fr«h. 

f.  Quantitative  Determination  of  Fat  in  Tece&.— Principle.  -  -The 
Tnination  of  fal  in  dried  feces  is  a  more  or  Itss  tedious  process,  and 
rhich  is  somewhat  dangerous  if  applied  to  patholngical  feces.  Most 
i  methods  for  the  determination  of  fat  in  the  moist  feces  are  accurate, 
equirc  a  long  time.  Saxon'  has  proposed  a  method  for  the  deter- 
tion  of  fat  in  moist  feces,  which  is  spt-edy.  convenient,  and  accur- 
The  soaps  of  the  feces  are  converted  into  free  fatty  acids  by 
IS  of  hydrodilorit  acid,  and  the  material  is  then  extracted  by  shak- 
rith  ether.  'ITie  ether  removes  the  neutral  fat.  the  fatty  acids 
1  were  present  as  such,  the  fatty  acids  derived  from  the  soaps,  and 
holesterol.  'ITie  ether  is  removed  by  distillation,  the  crude  fat 
led  by  means  of  petroleum  ether,  and  the  weight  of  the  total  fat 
ned.  'The  fat  is  then  dissolved  in  benzol  and  titrated  with  tcnth- 
a)  sodium  alcoholatc  solution,  using  phcnolphthalcin  as  an  indi- 
.     The  fatty  acid  is  calculated,  from  the  titration,  to  stearic  acid. 

■ocedtire.— PUc«  about  5  grams  (accurately  weighed)  of  the  thoroughly 
I  feces  in  a  100  c.c.  gUes -stoppered  graduated  cylinder.' 
Id  10  C.c.  of  distiUed  water,  t  to  3.5  c.c.  of  concentrated  hydrochloric  acid 
Dding  upon  the  anumnl  of  the  sample)  and  again,  sufficient  distilled  water 
ke  a  total  bulk  of  30  c.c.  Add  exactly  20  c.c.  of  ether,  stopper,  and  shake 
rusly  for  five  minutes.  Allow  to  stand  for  a  few  seconds,  remove  the  stopper, 
UCtiy  10  c.c.  of  05  per  cent  alcohol,  and  again  shake  for  five  minutes, 
and  the  cylinder  ande.  The  ether,  containing  practically  all  of  the  fat, 
Kdc  to  the  top  as  a  colored  transparent  layer.     Blow  the  ether  layer  off  into 

ixon:  J.  BM.  Clifn..  ij.o'lt  (914. 

arc  muit  be  taken  nut  lu  &mea[  the  n«.'k  u(  the  Ljlindi-t.  Th'a-  ma>'  tie  i^ukjdl  Uy 
Irk  lh<-  Ittct  from  the  "■fiahing  hoiilc  hj  mennt  fl  n  nl/n>  niii,  thi-  i-iiit  "i  which  is 
H.aod  benl  Id  the  ^hajH' of  a  hor,  .iiul  iiniiMrrrinK  >in:ill  hiiliul  lljcfcii'slionithctioc 
'■"         T,  uting  short  piccta  of  k'u"  rud.  «'liicli  art  ciropptd  into  the  cylindei  Imctth** 
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a  tall  iSQ'ioo  cc  beaker.'  Tbc  thin  Ujrer  of  ether  which  reautns  is  diluted  witt 
5  cc.  of  ether,  the  tube  slightly  agitated,  and  the  ether  blown  off.  This  is  dou 
in  all  five  times,  care  being  taken  each  time  to  wash  down  the  eUes  of  the  cjlinds. 
The  stopper  should  also  be  washed. 

Twenty  cc.  of  ether  are  m*ia  added,  and  the  cylinder  shaken  for  five  minutn 
and  set  aside.  When  the  ether  has  nearly  stratified,  blow  it  ofi  and  wuh  ti 
before.    During  the  second  washing  stratification  will  ccmplete  itself. 

Evaporate  the  ether*  until  no  trace  of  the  alcohol,  which  has  been  carriet 
over  with  it,  remains.  To  the  residue  add  30  cc  of  low-bmling  petroleum  eike 
(should  boil  below  60X.),  and  allow  to  stand  orer  night  Petroleum  for  ik 
work  should  be  frequently  tested  for  a  readuc  on  evaporation.  If  a  retidne  t 
left,  the  ether  shotild  be  redistilled. 

Filter  the  petroleum  ether  solution  of  the  tut,  catch  the  filtrate  and  waifaiii|: 
in  «  taH,  weighed,  100  cc.  beaker,  evaporate  off  the  solvent,  dry  the  txiaktta 
90^C.,  desiccate  and  weigh. 

After  weighing,  dissolve  the  contents  of  the  beaker  in  50  cc.  of  beoiol,  bta 
almost  to  the  boiling-point,  add  1  drops  of  a  0.5  per  cent  solution  of  phenolpbthsloa 
and  titrale  with  a  decinonnal  solution  of  sodium  alcxdiolate.' 

Calculations. — The  weight  of  total  fat  is  oblained  by  subtracting  tin 
weight  of  the  empty  beaker  from  the  weight  of  the  beaker  plus  the  dtiK 
fat.  The  weight  of  fatty  acids  (in  terms  of  nuUigrams  of  stearic  add^ 
is  obtained  by  multiplying  the  number  of  cubic  centimeters  of  ded 
normal  sodium  alcoholatc  solution  by  the  factor  J8.4.  The  diffcrena 
between  the  weight  of  total  fat  and  the  weight  of  fatty  acids  istbi 
weight  of  neutral  fat  in  the  a.iinplc  extracted. 

A  separate  determination  wiOiout  tJu-  addition  of  hydrocliloricatic 
may  be  nin  upon  the  sample,  for  the  purpose  of  determining  the  wci^' 
of  neutral  fat  and  free  fatty  acids.  The  difference  between  this  wci^" 
and  the  weight  of  total  fat  is  the  weight  of  fatty  acid  present  b  Um 
original  sample  in  the  form  of  soaps. 

■Thlt  It  acconipliihctl  in  Hit  umc  manner  that  water  i*  blown  from  a  watkboUh 
The  nibmcrged  end  oi  the  cldivcr^  tube  J*  beet  upward,  at  in  the  apparatus  luxd  (m  Ai 
detenniniitinn  i>(  iM  in  nillk  liy  Moig's  method  (kc  Milk).  Thi>  avoids  upward  cumW 
whjdi  woulil  disturb  ihi'  subjacent  alcohul-clher-fccra  layei. 

'Erlenmcycj  flaski  of  aljout  lOO  cc.  capacity  may  b*  used,  Instead  of  beakere,  (brtki 
collection  of  the  ether  blown  from  ihc  cylindcn,  Tbe  ether  may  then  be  distiUed  tad  IB 
covered.     Tlie  Mmr  prmeiiurc  may  be  followed  In  i«iaovin8  tbe  pelrolcom  ether. 

*1d  the  prejNitatinn  ot  the  wdium  alcoholate  MilutEon,  absolute  alcohol  and  lmU}^c«l 
biifiht,  metallic  sodium  arc  u«ed;  olherwi*c  the  procedure  is  the  same  as  that  (oc  the  lUod 
aniisalinn  an'l  prrtiarurion  u(  any  alkali  snhitliin. 


CHAPTER  XV 
BLOOD  AND  LYMPH 


I        Blood  is  composed  of  four  t>'pC5  of  form-flcmcnts  (erythrocytes  or 
I    r«l  blood  corpuscles,  leucocytes  or  white  blood  corpuscles,  blood  plates 
or  plaques  and  blood  dust  or  hcmoconcin)  held  in  suspension  in  a  fluid 
dUeiblood  plasnut.    'Iliese  form-elements  compose  about  60  per  cent  of 
the  blood,  by  weight.     Ordinarily  blood  is  a  dark  red  opaque  fluid  tluc  to 
'    the  presence  of  the  red  blood  corpuscles,  but  through  the  action  of 
certain  substances,  such  as  water,  ether,  or  chloroform,  it  may  be 
tendered  transparent.     Blood  so  altered  was  formerly  said  to  be  laked. 
The  term  hemolysis  is  now  used  in  this  coimcction  and  substances  which 
i   wse  such  action  aie  spoken  of  as  hemolytic  agents.    Tlie  hemolytic 
process  is  simply  a  liberation  of  the  hemoglobin  from  the  stroma  of 
the  red  blood  corpuscle.    Normal  blood  is  alkaline  in  reaction  to 
litiDus,  the  alkalinity  being  due  principally  to  sodium  carbonate. 
Wheo  examined  according  to  ph>'sico-chemical  methods  the  blood  is 
found  to  be  ntulral,  i.e.,  it  does  not  contain  an  excess  of  hydrox>'l 
ions.    E\xn  in  cases  of  the  most  pronounced  acidosis  the  reaction  of  the 
i    Uood  is  but  slightly  altered.     The  specific  gravity  of  tlie  blood  of  adults 
I    onfinarily  varies  between  1.045  ^nd  J.075.     It  varies  somewhat  mth 
'    the  sex,  the  blood  of  males  having  a  rather  higher  specific  gravity  than 
that  i>{  females  of  the  same  species.    Under  pathological  conditions 
ilw  the  density  of  the  blood  may  be  very  greatly  altered.    The  freezing- 
point  (i)  of  normal  blood  is  about  — o-sd^C.     Variations  between 
~o.Si°  and  — o.6a°C.  may  be  due  entirely  to  dietary  conditions,  but  if 
I    Bnj:  nurked  variation  is  noted  it  can  in  most  cases  be  traced  to  a 
'i'ionlered  kidney  function.    The  total  amount  of  blood  in  the  body  has 
Iwa  variously  estimated  at  from  one-twelfth  to  one-fourteenth  of  the 
^''^y  weif^t.    Perhaps  1/13.5  is  the  most  satisfactor>-  figure.    Abdcr^ 
"iHea  and  Schmidt'  have  suggested  a  unique  method  for  the  deter* 
"imation  of  this  value.    It  is  based  upon  the  change  in  the  opticsd 
^Qvity  of  the  blood  upon  injection  of  a  body  of  known  optical  activitj", 
"^t  for  example,  as  dextrin.     Keith,  Rowntrt-e  and  Geraghty*  have 
^cently  made  use  of  a  dye  in  the  determination  of  blood  volume.       J 
■  Ajuong  tiij  most  important  constituents  of  blood  phisma  arc  the  four 

' K**^**''***"  ""'  Schnililt:  Zri/.  phyrhl  chtm..  66,  lie,  iqio.  '     ■'^'^ 
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protcia  bodies,  fibrinogen,  nucleoprotein,  xerum  globulin  (cuglobuUn  and 
pseudo-globulin)  and  serum  albumin.  Flaftma  contains  about  8.3  pei 
cent  of  solids  of  which  the  protein  constituents  named  above  constitute 
approximately  84  per  cent  and  the  inorganic  constituents  (mainly 
chlorides,  phosphates  and  carbonates)-  approximately  to  per  ceol. 
Among  the  inorganic  constituents  sodium  chloride  predominates.  To 
prevent  coagulation,  blood  plasma  is  ordinarily  studied  in  the  form  of 
an  oxalated  or  salted  plasma,  'llie  former  may  be  obtained  by  allowing 
the  blood  to  ilow  from  an  opened  artery  into  an  equal  volume  of  0.1  p« 
cent  ammonium  oxalate  solution,  whereas  in  tlie  preparation  of  a  salted 
plasma  10  per  cent  sodium  chloride  solution  may  be  used  as  the  dilutii^ 
Auid. 

Fibrinogen  ts  perhaps  the  most  important  of  the  protein  consUtucats 
of  the  plasma.  It  is  also  found  in  I>-niph  and  chyle  as  well  as  in  cerui: 
exudates  and  transudates.  Fibrinogen  possesses  the  general  propertia 
of  the  globulins,  but  differs  from  serum  globulin  in  being  prccipitald 
upon  half -saturation  with  sodium  chloride.  In  the  process  of  coaguU- 
tion  of  lliL-  blood  the  fibrinogen  is  transformed  into  fibrin.  Tliis  fibrisis 
one  of  the  principal  constituents  of  the  ordinary  blood  clot. 

The  nucleoprotein  of  blood  possesses  maay  of  the  characteristic  ef 
serum  globulin.  In  common  with  this  body  it  is  easily  soluble  in  sodium 
chloride,  and  is  completely  precipitated  from  its  solutions  upon  situn- 
tion  with  magnesium  sulphate.  It  is  much  less  soluble  in  dilute  acetiCj 
acid  than  serum  globulin,  and  its  solutions  coagulate  at  65''-69^C. 

The  body  formerly  called  serum  globulin  is  probably  not  an  in 
vidual  substance.  Recent  investigations  seem  to  indicate  ifait  I 
may  be  resolved  into  two  individual  bodies  called  euglobtdin  and  psait- 
globulin.  'Ilie  euglobulin  is  pracdcally  insoluble  in  water  and  mayl 
precipitated  in  the  presence  of  28-36  per  cent  of  saturated  ammo 
sulphate  solution.  'iTic  pseudo-globulin,  on  the  contrary,  is  soIubkiB 
water  and  is  only  precipitated  by  ammonium  sulphate  in  the  presenct  ol 
from  36  to  44  per  cent  of  saturated  ammonium  sulphate  solution. 

In  common  with  serum  globulin  the  body  known  as  serum  albuniix^ 
seems  also  to  consist  of  more  than  a  single  indi\'idual  substance, 
so-called  serum  albumin  may  be  separated  into  at  least  two  dislii^ 
bodies,  one  capable  of  crystallization,  the  other  an  amorphous  \^K 
TTie  solution  of  either  of  these  bodies  in  water  gives  the  ordinary 
min  reaction.<i.    The  coagulation  temperature  of  the  scrum  albumini 
ture  as  it  occurs  in  scrum  or  plasma  varies  from  70*  to  ^^''C  according" 
the  reaction  of  the  .solution  and  its  content  of  inorganic  mat 
Serum  albumin  differs  from  egg  albumin  in  being  more  levorotal 
in  being  rendered  less  insoluble  by  alcohol,  and  in  the  fact  thatiAfl 
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litalcd  by  hydrochloric  add  it  is  more  easily  soluble  in  an  excess  o( 
keagent. 

niicn  blood  coagulates  and  the  usual  clot  forms,  a  light  yellow  fluid 
des.  This  is  blood  serum.  It  differs  from  blood  plasma  in  contaia- 
^  large  amount  oi  fibrin  ferment,  a  body  of  great  importance  in  the 
gulatJon  of  the  blood,  and  also  in  possessing  a  lower  protein  content. 
;  protein  material  present  in  plasma  and  not  found  in  serum  is  the 
inogen  wliich  is  transformed  into  librin  in  the  process  of  coagulation 
|tremovc:<l.  'ITie  specific  gravity  of  the  serum  of  human  blood 
ies  between  i,oi6  and  1.03a,  If  blood  be  drawn  into  a  vessel  and 
iwcd  lo  remain  without  stirring  or  agitation  of  any  sort  the  major 
tion  of  the  red  corpuscles  will  sink  away  from  the  upper  surface, 
|iiig  this  portion  of  the  clot  to  assume  a  lighter  color  due  lo  the 
dominance  of  leucocytes.  This  light-colored  portion  of  the  clot  is 
led  the  "buffy  coat." 

Beside  the  protein  constituents  already  mentioned,  other  bodies 
ich  are  found  in  both  the  plasma  and  scrum  arc  the  following:  Sugar 
Kose),  uric  acid  {urates),  urea,  fat,  amino-acids,  enzymes,  tedtkin. 
Vine,  tarbamit  acid,  cholesterol  and  its  esters,  nudeoprotein.  acetone 
Ifcf,  paralacUc  acid,  gases,  ammonia,  coloring-matter  {lutein  ot  Hpo- 
•mt)  and  mineral  substances.  In  addition  to  the  substances  just 
mcd  the  blood  doubtless  contaijis  a  class  of  substances  called  hor- 
|Kt  of  which  adrenaline  is  the  only  one  thus  far  definitely  identified. 
iBc  of  the  pathological  constituents  of  blood  are  proteoses,  biliary  con' 
luenls  and  purine  bodies.    In  many  pathological  conditions  certain 

aal  constituents  are  present  in  increased  amount. 

formal  human  blood  contains  slightly  less  than  o.i  per  cent  of 

ose  on  the  average.  Strouse'  in  a  very  recent  series  of  tests  places 
fc  average  glucose  content  at  0.0S4  per  cent.  That  the  diet  influences 
e  sugar  content  is  shown  by  the  fact  that  two  and  one-half  to  four 
mrs  after  a  meal  the  sugar  content  has  been  found  to  equal  0.18  per 
Bt'  In  case  of  glycosuria  the  blood  sugar  may  increase  {hypergly- 
Mo)  to  0.3-1.0  per  cent.     For  the  quantitative  determination  of 

sugar  see  page  179. 
\V^  determination  of  the  cholesterol  content  of  the  blood  is  assuming 
il  importance.     Normal  blood   contains   140-180  mg.   per    100 

ns  of  blood,  or  about  0.15  per  cent.     'Iliis  value  has  been  found  to 

^Increaised  {hypercholesterolemia)  in  gall  stones,  pregnancy,  nephritis, 

s,  and  arteriosclerosis  and  syphilis.    (See  page  285  for  quantitative 

>.) 

EtrouM:  Bait.  Jvknt  lt«p.  Il«tf.,  16.  In,  tgtS. 
i:  £eil.  fhysM.  Chem.,  m,  jsS.  «9'S- 
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Uric  acid  is  present  in  normal  blood  to  the  extent  of  about  1-2  mg. 
per  100  grams  of  blood.  In  gout  this  value  may  be  increased  to  ^ 
mg.  The  quantitative  determination  of  the  uric  acid  content  of  blood 
is  of  importance  as  an  aid  in  differentiating  gout  and  certain  otha 
disorders  exhibiting  similar  clinical  symptoms  (for  method  see  pap 
274). 

The  non-protein  nitrogen  of  normal  blood  amounts  to  about  25-35 
mg.  per  loo  grams  of  blood.  The  urea  forms  about  50  per  cent  of  thii, 
creatinine  2  per  cent,  uric  acid  2  per  cent,  ammonia  0.3  per  cent,  and 
amino-acids,  etc.,  about  46  per  cent.  In  nephritis  the  non-protcin 
nitrogen  of  the  blood  is  much  increased.  Myers  and  Fine'  report  1 
fatal  case  of  uremia  in  which  the  non-protein  nitrogen  reached  300  nig. 

Amino-acids  are  always  present  in  the  blood.  They  result  for  the 
most  part  from  the  digestion  of  protein  material  in  the  intestine. 

Creatinine  occurs  in  normal  blood  to  the  extent  of  about  1-2  in^ 
per  100  c.c.  of  blood.  In  uremia  the  amount  is  increased.^  Variov 
investigators  report  the  values  as  ranging  from  5  to  33  mg.  pa 
100  c.c. 

The  creatine  content  of  normal  blood  ranges  from  5  to  10  xd%.  pet 
100  c.c.  of  blood.  The  creatine  values  have  no  important  pathologictl 
significance  at  the  present  time. 

The  acetone  (acetone  and  acetoacetic  add)  content  of  normal  blood 
ranges  from  o  to  i  mg.  per  100  CO.  of  blood.  In  mild  diabetes  melUtni 
the  value  rises  to  5-12  mg.,  whereas  in  severe  diabetes  meUitus  (comi] 
as  much  as  20-45  "^6-  per  too  c.c.  of  blood  serum  has  been  found. 

Normal  blood  contains  about  20  per  cent  of  solids  and  3  per  cental 
total  nitrogen,  whereas  chlorides  are  present  to  the  extent  of  about  aISs 
per  cent.  In  severe  diabetes  the  chlorides  are  decreased  because  of  the 
accompanying  diuresis. 

Abel'  and  associates  have  devised  a  method  by  which  Hiffiisahle 
substances  may  be  removed  from  the  blood  of  a  living  animal.  Hie 
process  is  termed  'dvidi_ffusion  and  is  brought  about  by  permitting  the 
blood  from  an  artery  to  flow  through  collodion  tubes  surrounded  by 
physiological  salt  solution.  The  dialyzable  substances,  except  sodino 
chloride,  are  removed  and  the  dialyzed  blood  is  returned  to  the  body  of 
the  animal  by  means  of  a  vein.  The  apparatus  has  been  modified  by 
McGuigan  and  von  Hess.* 

'  Myers  and  rinc:  Chemical  Composition  of  the  Blood  in  Health  Kod  Disease  1915- 
'  Folio  and  Denis;  Jotir.  Bid.  Chim.,  i;,  ^B;,  1914. 
Myers  and  Fine:  Juiir.  Biol.  C'lum.,  20.  391,  1915. 
'  Abel,  Rowntrcc  and  Turner:  Transadiaiii  «/  llie  An'ii  0/  Americatt  Piyiieiam,  191S 
also  Jaur.  of  Pkarm.  atid  Exp.  Tkerap.,  5,  275,  ipM- 

'McGuigan  and  Von  Hess:  Jour.  Pkixrm.  and  Exp.  Tkerap,,  Tcd.  6,  1914. 
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In  the  appUcatioa  of  blood-letting  or  venesection  it  has  been  cus- 
nary  to  discard  both  the  corpuscles  and  plasma  of  the  withdrawn 
Mxl.  Abel'  and  associates  have  found  it  possible  to  separate  the 
-puscles  from  the  removed  blood  by  centrifugation  and  to  return 
;m  to  the  body  suspended  in  Locke's  solution.  They  name  the  pro- 
lure  plasmapharesis.  By  this  means  blood-letting  can  be  carried 
t  repeatedly  during  a  short  interval  of  time  without  endangering  the 
i  of  the  animal. 

There  has  been  considerable  controversy  regarding  the  form  of  the 
jrthrocytes  or  red  blood  corpuscles  of  human  blood.  It  is  claimed  by 
me  investigators  that  the  cells  are  bell-shaped  or  cup-shaped.  As  the 
S^rocytes  occur  normally  in  the  circulation,  however,  they  are  prob- 
ly  thin,  non-nucleated,  biconcave  discs.' 

The  blood  of  most  mammals  contains  erythrocytes  similar  in  form 
those  of  human  blood.  In  the  blood  of  birds,  ^hes,  amphibians  and 
>tiles  the  erythrocytes  are  ordinarily  more  or  less  elliptical,  biconvex 
d  possess  a  nucleus.  The  erythrocytes  vary  in  size  with  the  different 
imals.  The  average  diameter  of  the  erythrocytes  of  blood  from 
rious  species  is  given  in  the  following  table:' 

Elephant j  Jj,  of  an  inch. 

Gumea-pig i  A  i  of  an  inch. 

Man ffza  of  an  inch. 

Monkey , u'ls  of  an  inch. 

Dog jj",  f  of  an  inch. 

Rat jiti  of  an  inch. 

Rabbit jVii  of  an  inch. 

Mouse 3^(  of  an  inch. 

Lion jtVi  of  an  inch. 

Ox. , ,,'r»  of  an  inch. 

Horse ji'4j  of  an  inch. 

Pig. fi^t  o(  an  inch. 

Cat 1^1  of  an  inch. 

Sheep 1^1  of  an  inch. 

Goat j,^5  of  an  inch. 

Musk-deer Til j 5  of  an  inch. 

The  erythrocytes,  from  whatever  source  obtained,  consist  essentially 
two  parts,  the  stroma  or  protoplasmic  tissue  and  its  enclosed  pigment, 
noglobin.  For  human  blood  the  number  of  erythrocytes  present  in 
;  fluid  as  obtained  from  well-developed  males  in  good  physical  condi- 
n  is  about  5,500,000  per  cubic  millimeter.*  The  normal  content  of 
;  blood  of  adult  females  is  from  4,000,000  to  4,500,000  per  cubic 

'Abel,  Rowntree,  Turner,  Marshall  aud  Lamson  (see  Abel's  Mellon  Lecture,"  1915); 

lAbel:  Science,  43,  13s,  1915. 

*Wben  ezaoiined  singly  under  the  microscope,  they  possess  a  pale  greenish -yellow 

ir  (see  Plate  IV,  opposite),  whereas  when  grouped  in  large  masses  a  reddish  tint  is 

ed. 

'  Wonnley's  Micro-Chemistry  of  Poisons,  second  edition,  p.  733, 

'  This  statement  is  based  upon  observations  made  upon  the  blood  of  athletes  in  training. 

Hawk:  Amtr.  Jour.  Pkys)iiI.,io,  384,  1904.     It  is  generally  stated  \a  \.eTA.-\KiOiSi  "iii».X 

blood  oi  males  contains  about  $,000,000,  per  cubic  milUmeler. 
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millimcler.  The  number  ot  erythrocytes  varies  greatly  under  difleraii 
oonditioHii.  For  instance,  the  number  may  he  increaHcd  after  the  iians- 
fusiun  of  blood  of  the  same  species  of  animal;  by  residing  in  a  high 
altitude;  or  a«  a  result  oi  strenuous  physical  exercise  continued  ov«  j 
short  period  of  time.  An  increase  is  also  noted  in  starvation;  aftei 
partaking  of  food;  after  cold  or  hot  baths;  after  massage,  as  well  u 
after  the  administration  of  certain  drugs  and  accompanpng  certaio 
diseases,  sudi  as  cholera,  diarrhea,  dysentery  and  yellow  atroj^y  of  the 
Uvtr.  A  decrease  in  the  number  occurs  in  the  different  forms  of  anemia. 
The  number  has  been  known  to  increase  to  7,040,000  per  cubic  raiUi- 
meter  as  a  result  of  physical  exercise,  while  11,000,000  per  cubic  milli- 
meter have  been  noted  in  cases  of  polycj'themia  and  increases  nearly  u 
great  in  cyanosis.  The  number  has  been  known  to  decrease  to  500,000 
per  cubic  millimeter  or  lower  in  pernicious  anemia. 

Erythrocytes  possess  the  property,  when  properly  treated,  of 
"clumping"  together  in  masses  and  precipitating,  producing  so-called 
agglutination.  Cells  other  than  erythrocytes  {e.g.,  bacteria)  possess 
this  property.  Wlien  spoken  of  in  connection  with  the  blood  sudi 
action  is  termed  hemagglutination.  A  substance  which  will  bring  abool 
hemagglutination  is  said  to  contain  htmagglutinins.  Th^e  hm 
agglutinins  arc  particularly  abundant  in  the  vegetable  kingdom.'  For 
a  demonstration  of  hemagglutination  sec  page  a6i. 

Ojtyhemoglobin,  the  coloring  matter  of  the  blood,  is  a  conjugated 
protein.     Through  treatment  with  hydrochloric  acid  it  may  be  split  bW 
a  protein  body  called  ghbin,  and  hemochroMMgen,  an  iron-containing 
pigment.    The  latter  body  is  rapidly  transformed  into  /Kmalin  in  the 
presence  of  oxygen,  and  this  in  turn  gives  place  to  hematin-hydtoLhlo- 
ridc  or  kemin  (Figs.  78  and  79,  page  365).    The  pigment  of  arterial  blood 
is  for  the  most  part  loosely  combined  with  oxygen  and  is  termed  bf;- 
hemoglobin,  whereas  the  pigment  of  venous  blood  is  principally  heio'>' 
globin  (so-called  redtured  hemoglobin).    Oxyhemoglobin  is  the  oiygen 
carrier  of  the  body  and  belongs  to  the  class  of  bodies  known  as  respira- 
tory pigments.     It  is  held  within  the  stroma  of  the  cr>'throcy  te.    There- 
duftion  of  oxyhemoglobin  to  form  hemoglobin  (so-called  reduced  hefflp- 
globin)  occurs  in  the  capillaries.     Oxyhemoglobin  may  be  crystalliietl 
and  a  specific  form  of  crystal  obtained  from  the  blood  of  each  indiwduu 
species  (sec  Figs.  70  to  76,  pages  251  to  254).    This  fact  seems  to  indi- 
cate that  there  are  many  varieties  of  oxyhemoglobin.     The  interestinj 
findings  of  Rcichcrl  and  Brown  arc  of  great  value  in  this  connection 
These  investigators  prepared  oxyhemoglobin  crj-stals  from  the  blood 

'Mendel:  Atchhii'  di  fiiiototla,  J,  168,  iijog;  »1m  Scbneider:  JcurtuI  of  BifUe"^ 
CAftn,,  II,  4j,  i^ii. 
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,  Fig,  jo. — Oxvin;«rjftLoiiiH  CttvrtAt*  nou  Btoon  or  ni«  CmKSA-pis. 

Iced  Iroin  a  micio-pholograph  furiu»h«l  liy  Prof.  E.  T.  Reichftt,  of  the  University 
of  renaiylvanU. 


Tic,  71. — OxvHKUMiLoniN  Cuv~T\i.'  fitctM  Blood  or  mr  Rat. 
kKed  fTom  M  micio-phologtapli  furuislieii  by  Prut.  C.  T.  R«!chcrl,  of  the  Univmlly 
of  Penn^ylvnnb. 
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nc.  ?}- — OxyHUiooLOStM  Crvatau  raax  Blood  or  nn  BoMs. 
lUproduced  from  a  tnicro-pbotogrtpb  furnished  by  Prof.  E.  T.  Rdcbot,  ot  the  Vdr 

of  I'tootylvaaio. 


i 
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Fiu.  7j. — OxvueHiXiLOSix  OtvttiAi^  ixou  Blood  or  tHE  Sqcumo- 
Kcproiluccd  (rem  a  micro- |>)iotogTaph  furnulMd  by  Ptof.  E.  T.  Reicfccrt,  of  the  Utivenl'T 

of  Peniuylvanli. 
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Fic.  74.— 0XVHE.110CL0BIS  CkvsrALS  f«o«  Blood  or  jhk  Doc. 
bced  from  a  micro- photosrapb  {urniibed  by  Prof.  E.  T.  Rriclwrt,  ol  Ihe  I'niverslty 
of  Pcnnsylvaaia. 


no,  7S- — OxYBKMOOLOBiK  Cjt\-RrALs  rgou  Bt.ovD  or  tub  Cai. 
faced  from  a  micro- pbolograiJi  furm!ih«<l  by  Prof,  E.  T.  Reiibcri,  a(  ihc  UoiverMty 
of  Pcnim-lviiiiii. 
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of  over  one  hundred  species  of  uniinal  <ind  subsixjucntly  studied  tlie 
characteristics  of  the  crystals  very  minutely  from  the  standpoint  u( 
crystallography.  Their  findings  may  prove  of  importance  from  the 
standpoint  of  heredity  and  the  origin  of  $pede9. 


I 


Fic.  76. — OxvnKuooi.ontM  Crystals  from  IIioop  or  the  NEcrncs. 
RcptuduMd  ftoin  ■  iniciv-photograph  furnished  by  Prof,  E.  T.  Reicherl,  of  the  fiaw»l|^ 

ol  fcntiKvlvaoia.' 
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'The  micro>photogr&phii  of  oiyhcinoglobin  tscc  pstga  151-154)  uid  bcntio  >tNp*^ 
(lAj)  Arc  reproduced  tnrouKh  thvcourtrsy  o(  ProfesionE.T,  R«chrnaD<lAin<MP'Bn>^ 
of  ilief  liniveiaity  of  Ptnmylvnma,  who  have  inveiiigswd  the  cryiultine  (ctw  * 
biachcmk  f  ubstances. 
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le  followioK  bodies  may  he  derived  fTom  hemoglobin,  and  eadl 
ses  a  specific  spectrum  which  server  as  an  aid  in  its  detection 
dcntification:  Oxyhemoglobin,  mcthcmoglobin,  carbon-monox- 
pDM^lobin,  nitric-oxide  hemoglobin,  hemochromogeu.  hematin, 
pnuitio,  alkali-hematin  and  hcmatoporphyrin  (sec  Absorption 
ra,  Plates  I  and  11). 

ic  relationship  between  hemoglobin  and  its  derivatives  may  be 
lented  by  the  scheme  ^own  on  page  354. 

K  chemical  transformationswhichoccurin  the  blood  during  r»/V)ra- 
FC  complicated  and  of  great  importance.  In  brief  the  exchange  of 
n  and  carbon  dioxide  may  be  described  as  follows:  Oxygen  from 
rpuses  through  the  lungs  into  the  blood  where  it  is  appropriated 
le  most  part  by  the  red  blood  corpuscles.  The  hcmogtobinof 
corpuscles  possesses  the  property  of  uniting  willi  oxygen,  forming 
ncglobin.  'Iliis  oxyhemoglobin  possesses  a  red  color  and  imparts 
\  arterial  blood  its  bright  appearance.  TTie  oxygen  is  thus  borne 
esc  blood  cells  in  the  ctrcuLiting  blood  to  all  parts  of  the  body. 
s  blood  pusses  through  the  capillaries  it  gives  up  the  major  part  of 
)rgen  which  is  used  by  the  tissues  in  their  varied  activiUcs.    As  the 

loses  its  oxygen  it  becomes  darker  in  color  due  to  the  fact  that 
lyhcmoglobin  has  been  transformed  into  hemoglobin  (or  reduced 
globin).  At  the  same  time  in  the  tissue  capillaries  the  blood  takes 
cretory  products  from  the  tissues,  the  chief  of  which  is  carbon 
(f.  This  carbon  dioxide  is  present  in  the  blood  mainly  as  sodium 
Ikate  and  sodium  acid  carbonule:  a  small  amount  is  probably  com* 
|with  the  proteins  of  the  plasma,  Wc  now  have  so-called  venous 
L  This  is,  in  turn,  carried  to  the  lungs  where  the  carbon  dioxide  is 
inged  for  oxygen  and  the  cycle  is  repeated. 
^  white  corpuscles  (or  leucocytes)  of  human  blood  dilTer  from 
id  corpuscles  (or  erythrocytes)  in  many  particulars,  such  as  being 
irhat  larger  in  size,  in  containing  at  least  a  single  nucleus  and  in 
tsing  ameboid  movement  (see  Plate  IV,  opposite  page  249). 
lare  typical  animal  cells  and  therefore  contain  the  following  bodies 
1  arc  customarily  present  in  such  cells:  Proteins,  fats,  glycogen, 
i(  bodies,  emymes,  phosphatides,  lecithin.  choUnerol,  inorganic  salts 
fUer.  Compound  proteins  make  up  the  chief  part  of  the  protein 
\  of  leucocytes,  the  nuclcoproteins  predominating.  Of  the  en- 
ent  the  proteolytic  are  the  most  important.  It  is  claimed' 
arc  two  proteolytic  enzjTnes  in  leucocytes,  one  active  in 

ttc  solution  and  present  in  the  polynudcar  cells,'  and  the  other 

e:  Jptir.  0/  ExpfrimrnUtt  Mrd..  %;  Opic  itnd  Bnrker:  tbid..  9, 
rdtacHidoo  u(  (liflcreot  lypa  ol  Jeucotylu  »ec  "Ua  Cusu'*  CUmtaiWttnnWJkoSS" 
■  volume. 


2Stl 


PHYSIOLOGICAL  CHEUtSTRY 


k 


active  in  acid  medium  and  present  in  mononuclear  cells.  It  is  daimcd 
that  the  granular  Icucttcyte;;  originate  in  the  bone  marrow,  whcrtai 
the  Don-granulur  leucocytes  (lymphocytes)  have  a  lymphatic  origin 
(K-mpli  glands  or  K'niphoid  tissue);  thi.s  matter  of  origin  is  uncertaiiL 
The  normal  number  of  leucocytes  in  human  blood  varies  between  5000 
and  10,000  per  cubic  millimeter.  The  ratio  between  the  leucocytes  and 
erythrocytes  is  about  i  :3so  -500.  A  Uueotylosis  is  said  to  exist  when 
the  number  of  lencocytoses  is  increased  for  any  reason.  Lcucocytose 
may  be  divided  into  two  general  classes,  the  physiological  and  the 
pathological.  Under  the  phj-siological  form  would  be  classed  tho« 
leucocytosfs  accompanying  pregnancy,  parturition  and  digestion,  as  well 
as  those  due  to  mechanical  and  thermal  influences.  The  leucocytosej 
spoken  of  as  pathological  arc  the  inflammatory,  infectious,  posl-hemor- 
rhagic,  toxic  and  experimental  forms,  as  well  as  the  t)!^  of  Icucocj'tosii 
which  accompanies  malignant  disease. 

The  blood  plates  (platelets  or  plaques)  are  round  or  oval  colorlesi 
discs  which  posscSiS  a  diameter  about  one-third  as  great  as  that  of  the 
erj'throcytes.  Upon  treatment  with  certain  reagents,  e.g.,  artificiiJ 
gastric  juice,  they  may  be  separated  into  a  homogeneous,  non-refrsctivt 
portion  and  a  granular,  refractive  portion.  The  blood  plates  irt 
associated  with  the  coagulation  of  the  blood.  This  relationship  ii  not 
completely  understood  at  present. 

The  hemoconein  or  so-called  "blood  dust"  b  made  up  of  round 
granules  which  usually  have  a  diameter  somewhat  less  than  i  micron. 
The  serum  of  normal  as  well  as  of  pathological  blood  contains  these 
granules.  'ITiey  were  first  described  by  Miillcr  to  w^iom  they  appeare'l 
as  highly  refractilc  granules  possessed  of  Brownian  movement.  The 
"blood  dust"  is  apparently  not  concerned  with  the  coagulation  of  ihc 
blood.  The  granules  are  insoluble  in  alcohol,  ether  and  acetic  add 
and  are  not  blackened  by  o.tmic  acid.  According  to  MiDler,  the  gran- 
ules making  up  the  so-called  "blood  dust"  constitute  a  new  organiwi 
constituent  of  the  blood,  whereas  other  investigators  bcUcvc  them  tobt 
merely  free  granules  from  certain  of  the  forms  of  leucocytes.  They 
appear  to  possess  no  clinical  significance. 

The  processes  involved  in  the  coagulation  of  the  blood  are  not  fully 
understood.  Several  theories  have  been  advanced  and  each  has  it* 
adherents.  ITie  theory  which  appears  to  be  fully  as  firmly  founded 
upon  experimental  evidence  as  any  is  the  following:  Blood  conlainsa 
zymogen  called  prothrombin  which  combines  with  the  calcium  salts 
present  to  form  an  enzyme  known  as  thrombin  or  fibriti-ferttuitt.  When 
freshly  drawn  blood  conies  into  contact  with  the  air  tJie  fibrin-fenneiit 
at  once  ads  upon  the  fibrinogen  piesenV  au<i  ^\vi,  rise  to  the  formati^ 
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[  fibrin.  This  fibrin  forms  in  shnxls  throughout  the  blood  mass  and, 
olding  the  form  elements  of  the  blood  within  its  meshes,  serves  to 
roducc  the  typical  blood  clot.  The  fibrin  shreds  gradually  contract, 
\e  whole  clot  assumes  a  jelly-like  appearance  and  tlie  yellowish  serum 
tudcs.  If,  immediately  upon  tlu-  withdrawal  of  blood  from  the  body, 
le  fluid  be  rapidly  stirred  or  thoroughly  "whipped"  with  a  bundle  of 
[tarse  strings,  twigs  or  a  spcdatly  constructed  beater,  the  fibrin  shreds 
rill  not  form  in  a  network  throughout  the  blood  mass  but  instead  will 
Uag  to  the  device  used  in  beating.  In  this  way  the  fibrin  may  be 
emoved  and  the  remaining  fluid  is  termed  defibrinaled  blood.  The 
ibove  theory  of  the  coagulation  of  the  blood  may  be  slatted  briefly  as 
^ws: 

■I.  Prothrombin  +  Calcium  Salts  =  Thrombin  (or  Fibrin-ferment). 
II.  Thrombin  (or  Fibrin-ferment)  4-  Fibrinogen  =  Fibrin. 
Howell'  has  suggested  an  ingenious  modification  of  the  above  theory. 
He  says:  "In  the  circulating  blood  we  find  as  constant  constituents 
jMwgen,  prothrombin,  calcium  sails  and  anlitkrombtn.    'llie  last-named 
fubstance  holds  the  prothrombin  in  combination  and  thus  prevents  its 
conversion  or  activation  to  thrombin.     When  the  blood  is  shed,  the 
tfrintegration  of  the  corpuscles  (platelets)  furnishes  material  (throm- 
boplastin) which  combines  with  the  antithrombin  and  liberates  the 
prothrombin;  the  latter  is  then  activated  by  the  calcium  and  acts  on 
the  fibrinogen.     According  to  this  view  the  actual  process  of  coagula- 
tion involves  only  three  factors,  fibrinogen,  prothrombin  and  caldum. 
Hiew  three  factors  exist  normally  in  the  circulating  blood  but  are 
ptevcntcd  from  reacting  by  the  presence  of  antithrombin," 

The  question  as  to  whether  menstrual  blood  coagulates  has  caused 
modi  discussion.  The  most  recent  investigations  seem  to  show  that  it 
ioanol  coagulate  because  of  the  removal  of  fibrin-ferment  and  fibrinogen 
(roBisuch  blood  by  the  endometrium  or  lining  membrane  of  the  uterus.^ 
.\mong  the  medico-legal  tests  for  blood  are  the  following:  (i) 
Microscopical  identification  of  the  erythrocytes,  (a)  spectroscopic  idcn- 
tiacation  of  blood  solutions,  (3)  the  guaiac  test,  (4)  the  benzidine  reac- 
'^1)  (5)  preparation  of  hcmin  crystals.  Of  these  five  tests  the  last 
t*o  named  arc  generally  considered  to  be  the  most  satisfactory.  They 
giTc  equally  reliable  results  with  fresh  blood  and  with  blood  from  dots 
orstains  of  long  standing,  pro\-ided  the  latter  have  not  been  exposed  to 
>Ugh  temperature  or  to  the  rays  of  the  sun  for  a  long  period.  The 
tediaic  of  the  tests  is  simple  and  the  formation  of  tlie  dark  brown  or 
chocolate-colored  crystals  of  hemin  or  the  production  of  the  green  or 

'Dofrdl:  AmefUan  Journal  ef  Pkyssiihty,  ig,  187,1911. 
H  ■Bdb  J»iir.P«U.  and  Batl.,  iS,  No.  4,  1914.  J 
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blue  c»loT  with  benzidiae  is  indisputable  proof  of  the  presence  of  bldlP 
in  the  fluid,  clot  or  stain  examined.    The  weak  point  of  the  tern, 
medico-legally,  Ucs  in  the  fact  Oiat  they  do  not  differentiate  between 
human  blood  and  that  of  certain  other  species  of  animal. 

The  guaiac  test  (see  page  262),  although  generally  considered  lt« 
accurate  than  the  henun  test,  is  held  by  some  to  be  a  more  delicate  lesl 
than  the  hcmin  test  if  properly  performed.    One  of  the  most  common 
mistakes  in  the  manipulatiou  of  this  test  is  the  use  of  a  guaiac  solutioa 
which  is  too  concentrated  and  which,  when  brought  into  contact  ffitli 
the  aqueous  blood  solution,  causes  tJie  separation  of  a  voluminons 
precipitate  of  a  resinous  material  which  may  obscure  the  blue  cokKa- 
tion;  this  is  particularly  true  of  tlie  test  when  used  for  the  examinatkiD 
of  blood  stains.    A  solution  of  guaiac  made  by  dissoK-ing  i  gram  of  llw 
resin  in  60  cc  of  95  per  cent  alcohol  is  very  satisfactory  for  general  use. 
The  test  is  frequently  objected  to  upon  the  ground  that  various  other 
substances,  e-g-,  milk,  pus,  saliva,  etc.,  respond  to  the  test  and  that  it 
cannot  therefore  be  considered  a  specific  test  for  blood  and  is  of  value 
only  in  a  negative  sense.    We  have  demonstrated  to  our  owti  satisfac- 
tion, however,  that  many  samples  of  milk  give  the  blue  color  upon  the 
addition  of  an  alcoholic  solution  of  guaiac  resin  without  the  addition  of 
hydrogen  peroxide  or  old  turpentine.     It  has  also  been  shown'  th&t 
those  milks  which  respond  positively,  fail  to  do  so  after  boiling.    In  the 
case  of  blood  the  test  is  positive  both  before  and  after  boiling  the  blood 
for  15-20  seconds.    Pus  docs  not  respond  after  boiling.     Old,  partly 
putrified  pus  gives  the  test  even  without  the  addition  of  hydrogen 
peroxide  or  old  turpentine,  whereas  fresh  pus  responds  upon  the  »d(H- 
tion  of  hydrogen  peroxide.     Saliva  gives  a  positive  reaction  only  in 
case  blood  or  pus  is  present.     Certain  plant  extracts  give  the  test  before 
but  not  after  boiling  for  15-ao  seconds.     Buckmaster  has  advocated 
the  use  of  an  alcoholic  solution  of  guaiaconic  add  instead  of  an  alcolioEc 
solution  of  guaiac  resin.     He  claims  that  he  was  able  to  produce  tlie 
blue  color  upon  the  addition  of  the  guaiaconic  add  to  milk  only  when 
the  sample  of  milk  tested  was  brought  from  the  country  in  steriie  botlUs, 
and  further,  that  no  sample  of  London  milk  which  he  exami  ncd  r«5ponde<i 
to  the  test.     In  the  application  of  the  guaiac  test  to  the  detection  of 
blood,  he  states  that  he  was  able  to  detect  laked  l^ood  when  picsentin 
the  ratio  i :  5,000,000  and  unlaked  blood  when  present  in  the  ratio 
1 : 1,000,000.    This  author  considers  the  guaiac  test  to  be  far  more 
trustworthy  than  is  generally  believed. 

Up  to  within  recent  times  it  has  been  impossible  to  make  an  absolote 
dinereotiation  of  human  blood.    The  so-called  "biological"  blood  test 
'Ltmry:  Private  comniuniGaiioo. 
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h&s,  however,  made  such  a  differentiation  possible.  This  test,  known  as 
the  Bordet  reaction,  is  founded  upon  the  fact  that  the  blood  serum  of  an 
sniinal  into  which  has  been  injected  the  blood  of  another  animal  of 

I    iMercDt  species  develops  the  property  of  agglutinating  and  dissulving 

I  aythrocytes  similar  to  those  infected,  but  exerts  this  influence  upon 
the  blood  from  no  oHier  species.  The  antiserum  used  ia  this  test  is 
prepared  by  injecting  rabbits  with  5-10  c.c.  of  human  defibrinated 
blood,  at  intervals  of  about  four  days,  until  a.  total  of  between  50  and  80 
C.C.  has  been  injected.  After  a  lapse  of  one  or  two  weeks  the  animal  is 
bled,  the  serum  collected,  placed  in  sterile  tubes  and  prescr\-ed  for  use  as 

I  needed.    In  examining  any  specific  solution  for  human  blood  it  is  simply 

I  necessary  to  combine  the  antiserum  and  the  solution  under  examination 
in  the  proportion  of  i :  100  and  place  the  mixture  at  Sl"^-    ^^  human 

I  blood  is  present  in  the  solution  a  turbidity  will  be  noted  and  this  will 
diaagc  within  three  hours  to  a  distinctly  flocculent  predpitate.  This 
uitt>enun  will  react  thus  with  no  other  known  substance. 

I  Lymph  may  be  considered  as  the  "middleman"  in  the  transactions 
(«tween  blood  and  tissues.  It  is  the  medium  by  which  the  nutritive 
matmal  and  oxygen  transported  by  the  blood  for  the  tissues  is  brought 
into  intimate  contact  with  those  tissues  and  thus  utilized.  In  the 
iurther  fulfillment  of  its  function,  the  Ij-mpii  bears  from  the  tissues 
ntex,  salts  and  the  products  of  the  activity  and  catabolism  of  the 
tissues  and  passes  these  into  the  blood.  Lymph,  therefore,  exercises 
the  function  of  a  "go>between"  for  blood  and  tissues.  It  bathes  every 
ictive  tissue  of  the  animal  body,  and  is  believed  to  have  its  ori^  partiy 
ia  the  blood  and  partly  in  the  tissues. 

[  lo  chemical  characteristics,  lymph  resembles  blood  plasma.  In  fact, 
it  has  been  termed  "blood  without  its  red  corpuscles."  L>Tnpb  from 
the  thoracic  duct  of  a  fasting  animal  or  from  a  large  lymphatic  vessel  of 
>  nU-nourished  animal  is  of  a  variable  color  (colorless,  yellowish  or 

1  )i|tltly  reddish)  and  alkaline  in  reaction  to  litmus.  It  contains 
fibrinogen,  iibrin-ferraent  and  leucocytes  and  coagulates  slowly,  the  clot 
bong  less  firm  and  bulky  than  the  blood  clot.     Serum  albumin  and 

,    Wum  globulin  are  botli  present  in  lymph,  the  albumin  predominating 

11 1  ratio  of  about  3  or  4:1.    The  principal  inorganic  salts  are  sodium 

^1s  (chloride  and  carbonate),  whereas  the  phosphates  of  potassium, 

caldum,  magnesium  and  iron  arc  present  in  smaller  amount. 

Substances  which  stimulate  the  flow  of  lymph  are  termed  lympka^ 

,  Ifua.  Such  substances  as  sugar,  urea,  certain  salts  (especJiUIy 
•odium  chloride),  peptone,  egg  albumin,  extracts  of  dogs'  liver  and 
Uittstine,  crab  muscles  and  blood  leeches  are  included  in.  x]ca&  dasa. 

^  Is  4  fasting  animal,  the  lymfii  coming  from  the  mtea^iiie  Ss  ■a.  0«Wi 
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transparent  fluid  possessing  the  characteristics  already  outlined.  .\itn 
a  meal  containing  fat  has  been  ingested,  this  intestinal  lympli  is  white 
or  "miltLy."  This  is  termed  chyle  and  is  essentially  Ijinph  possessing  an 
abnormally  high  (5-15  per  cent)  content  of  emuUitied  fat.  This  Ayle 
13  absorbed  b)'  the  lactcals  of  the  intestine  and  transported  to  the  lower 
portion  of  the  thoradc  duct.  Apart  from  the  fat  value,  the  composition 
of  lymph  and  chyle  arc  similar. 

Experiments  on  Blood 

I.  Dcflhrlnated  Ox- blood 

« 

I.  Reactioo. — Moisten  red  and  blue  litmus  papers  wiib  10  p«r  cent  t"^-"— 
diloride  solution  and  test  tb«  reaction  of  the  deflbrinated  blood.  TestbjCai^o 
red  paper  miso. 

a.  Microscopical  Examination. — Examine  a  drop  of  deSbrinated  blood  und^c 
the  microscope.  Compare  the  objects  you  obMne  with  Plate  IV,  opposite  t*K* 
249.    Repeat  the  test  with  a  drop  of  your  own  Uood. 

3.  Specific  Gravity.— Determine  th«  specific  gravity  of  deflbdnated  blood 
by  means  of  an  ordinary  icpedfic  gravity  spindle.  Compare  this  resull  witft 
the  specific  gravity  aa  determined  by  Hammerschlag's  methCMl  in  the  nect 
Cjqwriment. 

4.  Specific  Gravity  by  Hammerschlag's  Method.^-Fill  on  ordinary  urinom- 
eter  cylinder  about  one-half  full  of  a  mixture  of  chlorofoim  and  benzene,  baring 
a  specific  gravity  of  approximately  1.050.  Into  this  mixture  allow  a  drop  of  flW 
blood  imder  examination  to  fall  from  a  pipette  or  directly  from  the  finger  in  caK 
fi^sh  blood  is  being  examined.  Care  must  be  taken  not  to  use  too  large  a  dio; 
of  blood  and  to  keep  the  drop  from  coming  into  contact  with  the  walls  of  the  cyl- 
inder. If  the  blood  drop  sinlts  la  the  bottom  of  the  vessel,  thus  showing  it  to  bt 
of  higher  specific  gravity  than  the  surrotmding  fluid,  add  chloroform  until  the 
blood  drop  remains  suspended  in  the  mixture.  Stir  carefully  with  a  glass  rod 
after  adding  the  diloiofonn.  If  the  blood  drop  rises  to  the  surface  upon  beioc 
introduced  into  the  mixture,  thus  showing  it  to  be  of  lower  spectflc  gravity  than  (bt 
sorTDunding  fluid,  add  benzene  until  (he  blood  dropronains  suspended  fai  dM 
mixture.  Stir  with  a  glass  rod  after  the  benzene  Is  added.  After  (be  Mood 
drop  has  been  t>rought  to  a  suspended  position  in  the  mixture  by  means  of  dim  or 
more  additions  of  diloroform  and  benzene  this  final  mixture  should  be  filmed 
through  muslin  and  its  specific  gravity  accurately  determined.  What  is  flu 
specific  gravity  of  the  blood  under  examination? 

5.  Tests  for  Various  Constituents.— Place  10  cc  of  defibrinated  blood  in  an 
evaporating  dish,  dilute  with  100  c.C.  of  water  and  heat  to  Ix»ling.  Is  there  any 
coagulation,  and  if  so  what  bodies  form  the  coagulum?  At  the  tMiling-poiol 
addulate  slightly  with  dilute  acetic  acid.  Filter.  The  filtrate  should  be  dsst 
and  the  coagulum  dark  brown.  Reserve  this  coagulum.  What  body  giitta  Ike 
coagulum  tlus  color?  Evaporate  the  filtrate  to  about  35  cc,  filtering  oS  a^ 
precipitate  which  may  form  in  the  process.  Make  the  following  testa  upon  tbt 
filtrate: 

(m)  Fehling's Test. — Tosccoftheneutrolizedfiltrateaddsdropsof  Pehltog^ 
tolatioa  and  boiJ  one  minute. 
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(b)  Chloride*. — To  b  smsU  amount  of  the  filtrate  in  a  test-tub«  add  a  few 
dnpi  of  nitric  add  aad  a  little  silver  nitrate.  In  the  presence  of  chloride,  a  white 
ptt^tate  of  sUver  chloride  will  form. 

(c)  Phosphates.— Test  for  phosphates  by  nitric  add  and  niolybdaCe  sotulioo 
tKonling  to  directions  given  on  page  sq. 

(d)  Proteose  and  Peptone. — Test  a  smAll  amount  of  the  solution  for  pro- 
i««c«  and  peptone  by  saluniling  with  ammonium  sulphate  according  to  directions 
tireneapage  no. 

(a)  Crystallization  of  Sodium  Chloride. — Place  the  remainder  of  the  filtrate 
Id  ■  watch  glass  and  evaporate  it  on  a  water-balh.  Examine  the  crystals  under 
the  BucroKope  and  compare  them  with  those  in  Fig.  80,  page  367. 

6.  Test  for  Iron.^ — Incinerate  a  small  portion  of  the  coagulum  from  the  last 
^Xfttimient  (5)  in  a  porcelain  crucible.  Cool,  dissolve  the  residue  in  dilute  hy- 
drochloric add  and  test  for  iron  by  potassium  ferrocyanide  or  ammonium  thlo- 
Cjtaate.     Which  of  the  constituents  of  the  blood  contains  the  iron? 
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Flo.  J7,— ErrECr  o»  Waibb  ox  E»\-nntocvrE8, 

7.  Hemolysis  ("Laky  Blood"). — Note  the  opacity  of  ordinary  defibrinaled 
Uood.  Place  a  tew  cubic  centimeters  of  this  blood  in  a  test-tube  and  add  water, 
«  Bttis  at  a  time,  until  the  blood  is  rendered  transparent.  Hemolysis  has  taken 
place.  How  does  the  water  act  in  causing  this  transparency?  Examine  a  drop 
of  hemolyzed  blood  under  the  microscope.  How  does  its  microscopical  appear- 
ance differ  from  that  of  unaltered  blood?  What  other  agents  may  be  ascd  to 
bring   about   hemolysts? 

8.  Osmotic  Pressure.^PUce  a  few  cubic  centimeters  of  blood  in  each  of 
three  test-tubes.  Hemolyze  the  blood  in  the  first  tube  according  to  directions 
pvcn  in  the  last  experiment  17) :  add  an  equal  volume  of  isotonic  (0.9  per  cent) 
sodltun  chloride  to  the  blood  in  the  second  tnbe,  and  an  equal  volume  of  10  per 
cent  sodium  chloride  to  the  blood  in  the  third  tube.  Mix  thoroughly  by  shaking 
and  after  a  few  moments  examine  a  drop  from  each  of  the  three  tubes  under  the 
microsoope  (see  Figs.  77  and  150,  page  473).  What  do  you  find  and  what  is 
your  explanation  from  Ifae  standpoint  of  osmotic  piessute^ 
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9.  Hemagghitiiuiticm. — ^The  commOQ  garden  bean,  such  as  tlie 
Scarlet  Runner,'  contains  a  protein  substance  which  exhibits  the 
interesting  property  of  causing  a  clumping  or  agglutinatioQ  of  red 
blood  corpuscles.' 

Dilute  deflbrinxted  btood'  (m  times  with  physiolofical  sodium  chloride  selu- 
tioo  (04  per  cent)  and  place  i  cc  in  each  of  three  Email  test-tubes. 

Grind  three  beans  in  a  coffee  mill,  or  with  mortal  and  pestle  to  a  fine  nual 
and  eztnict  (or  a  few  minutCK  with  0.0  per  cent  godiom  chloride  solution.  FiHtr 
and  add  0.05  cc.  (about  i-j  drops)  of  the  filtered  extract  to  the  first  of  the  blood 
lubes;  o.oi  cc.  to  the  second ;  and  0.05  of  0.9  per  cent  sodium  chloride  to  the  third. 

Invert  each  tube  to  mix  the  contents  thoroughly,  and  note  the  rapid  sgghitiu- 
tion  and  predpitatioD  of  the  blood  corpuscles  Id  the  first  tube,  a  less  rapid  aggluti- 
nation in  the  second,  whQe  the  third  or  control  tube  remains  unaltered.  In 
one-half  hour  the  corpuscles  in  the  first  tube  often  are  packed  solid  and  one  it 
able  to  pour  off  perfectly  clear  serum. 

If  the  remainder  of  the  bean  extract  Is  b<Mled  for  a  few  minutes,  the  ooaguliim 
filtered  out  and  0.05  cc.  of  the  filtrate  added  to  the  control  tube,  still  no  agghitfau- 
tion  occurs,  indicating  that  the  hemag^utinin  has  been  destroyed  or  ranimd 
by  the  bolting. 

to.  Diffusion  of  Hemoglobin. — Prepare  some  hemolyied  ("laky")  Uosd, 
thus  liberating  the  hemoglobin  from  the  erythrocytes.  Test  the  diffusion  of  dn 
hemoglobin  by  preparing  a  dialyzer  like  one  of  the  models  shown  in  Pig.  2,  pip 
34.    How  does  hemoglobin  differ  from  other  well-known  ciystalUzablc  bodi«? 

II.  Guaiac  Test — To  5  cc.  of  water  in  a  test-tube  add  3  drops  of  btooj. 
By  means  of  a  pipette  drop  an  alcoholic  solution  of  guaiac  Csirength  about  1  :iol' 
Into  the  resoltiiig  mixture  until  a  turbidity  is  observed  and  add  old  turpenttw 
or  hydrogen  peroxide,  drop  by  drop,  until  a  bhie  color  is  obtained. 

In  the  detection  of  small  amounts  of  blood  the  quantity  of 
used  should  also  be  decreased.     Do  any  other  substances  respond  ini 
similar  manner  to  this  test  ?    Is  a  positive  guaiac  test  a  sure  iadication 
of  the  presence  of  blood?    (See  discussion  on  page  158.) 

la.  Schunun's  Modification  of  the  Guaiac  Twt— To  about  j  cc  of  ( 
solution  undrr  tx-iminnlion'  in  11  tctC-liibe  .iiM  about  10  drops  o(  freshly  { 
alcoholic  solution  of  guaiac.  Agitate  the  tube  gently,  add  about  to  drops  ol  fU 
turpentine,  subject  the  tube  to  a  thorough  shaking  and  permit  it  to  Stand  for  iboit 
two  to  three  minutes.  A  blue  color  indicates  the  presence  of  btood  in  the  wloliM 
unticr  examination.    In  case  there  Is  inaulEcical  blood  to  yield  a  blue  color  cndir 

'  The  Scarlet  Kuiuicr  ia  a  (smiliar  variety  putchiisabic  in  every  s«td  store.  It  occa0>i 
two  varietie*.  the  tciU«  and  the  red.  RLcin,  a  protein  coiutiluent  ot  the  castor  b«U,  (W 
poiieMct  prnnnunced  agslutinsting  propeide*.  Bccautc  of  its  poitonou*  nature  tt  il,  W^^ 
cvci.  not  jultablc  (ot  luela  claw  experiments. 

•Mendd:  Arckitio  di  JUkhsia,  j,  166,  1909;  Schneider:  Jeumitl  Biel.  Ckeni-,  m,  j 

IQtl, 

'Rabbit's  blood  is  eipedatly  dedrable  (Meniir4:  I«t.  dl.)  and  may  be  obtainol lot th 
purpose  by  bleeding  from  a  «nall  cut  on  the  animar^  taianddefibrinsliox. 

*  Buckmattcr  iiijs~i«(«  the  um  of  an  alcoholic  solution  ot  guaiaconic  add  inittai) «  ** 
alcoholic  solution  o(  guaiac  rcais. 

•  AlkaliDc  solution*  should  be  made  slightly  add  with  actik  acid,  at  the  bltu  <»' 
rracUoo  it  very  fensllivo  to  alkalL 


coDditioQS, «  few  cubic  ccotimetois  of  alcohol  should  be  added  and  tb«  tube 
geuly  ihalcen,  irbeRupoii  a  blue  coloration  will  appear  in  tbe  upper  aloohoi* 
taipcDtine  layer. 

A  ooatiol  UM  should  always  be  made,  using  water  In  plac«  o(  the  solution  tmder 
esamiDBtioD.  Is  the  dctcctioiL  of  very  miaute  traces  of  blood  only  3-5  drops  of 
til*  guaiac  sohition  sfaould  be  enjoyed. 

15.  Ortho^tolldin  Test  (Ruttan  and  Hardisty).*— To  i  c.c.  of  a  4  per  cent 
glacia]  ac«tic  add  solution  of  o-toUdin'  tn  a  test-tube  add  1  c.c  of  the  solution 
nndcr  examination  and  i  c.c.  of  3  per  cent  hjdrogen  peroxide.  In  the  presence 
of  blood  0  bluish  color  develop*  {sonictiiDes  rather  slowly)  and  persists  for  some 
tiiBB  (several  hours  in  sane  instaDCes). 

This  test  is  said  to  be  as  sensitive  for  the  detection  of  occult  blood 

in  feces  and  stomach  contents  as  is  the  benzidine  reaction.    It  is  also 

claimed  to  be  more  satisfactor>'  for  urine  than  any  other  blood  test. 

The  acetic  add  solution  tnay  be  kept  for  one  month  with  no  reduction 

I    in  delicacy, 

^B  14.  Benzidine  Reaction. — This  is  one  of  the  most  delicate  of  the 
^BiMCtioDS  for  the  detection  of  blood.  Different  bcn7Jdine  prepara- 
^■'tioBi  vary  greatly  in  their  sensitiveness,  however.  Inasmuch  as  ben- 
^B  lidine  solutions  change  readily  upon  contact  with  light  it  is  essential 
W"  that  they  be  kept  in  a  dark  place. 

^B  Ibe  test  is  performed  at  follows:  To  a  saturated  solutioa  of  benzidine  in 
7^  ikohol  or  glacial  acetic  acid  add  an  equal  voliune  of  3  p«r  cent  hydrogen  peroxide 
c        ind  1  c.c.  of  the  solution  under  ezaadlMtion.     If  the  mixture  is  not  already  add 

ttndei  it  so  with  acetic  addt  and  note  the  appearance  of  a  green  or  blue  color. 

A  ccmtrol  test  should  be  made  substituting  w&ter  forj  theYsolulion  under 

tastination. 


The  hemoglobin  decomposes  the  h>'drogcn  peroxide  (catalysis)  and 
the  liberated  oxygen  oxidizes  the  benzidine.  'Vt\c  &cn.^it]veness  of  the 
benzidme  reaction  is  greater  when  applied  to  aqueous  solutions  than 
Klien  applied  to  the  urine.  According  to  .'Vscarelli'  the  benzidine  reac- 
tion (erves  to  detect  blood  when  present  in  a  dilution  of  i :  3,000,000. 
K^ter'  has  also  shown  the  test  to  be  very  delicate,  and  claims  it  to  be 
more  atisfactory  than  the  guaiac  test. 

Lylc,    Curtman  and  Marshall*  have  investigated  the  benzidine 

'Suttu  sttd  Harduty:  Canadian  UtJiMi  Ait'n  JturMl,  Nov.,  iqij;  also  Biatlirmic^ 
"^h  *»S.  10»1- 

■Sfi,  NH, 


CH. 


.-C.hC 


\. 


CH, 


'AxartlU:  II  pvtUlin  m*.  fr^..  iqoq. 
;W«Uer;  Drut.  med.  WocM..  36,  p.  309, 

CuitQuui  Mil  MarthaU:  Janr.  BM.  Chrm,,  iq,  445,  igi«. 
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reaction  very  carefully.    They  suggest  a  new  procedure  in  preparing  the 
reagent'  and  in  conducting  the  test. 

The  test  follows:  Into  «  perfect!;  clewt  dir  test-tulM  introduce  i^  cc 
benddine  soludoii,'  add  0.1  cc.  of  water  or  glacial  acetic  acid,  then  i  cc.  of  tlw 
fluid  to  b«  tested  and  finally  o^  cc.  of  3  per  cent  hydrogen  peroxide.  IVote  tfac 
appearance  of  a  blue  color,  which  reacbes  its  maximiim  in  five  to  six  minutes. 

The  acetic  acid  keeps  the  benzidine  in  solution.  An  excess  dimin- 
ishes the  delicacy  of  the  reagent. 

Hydrogen  peroxide  supplies  oxygen  for  the  reaction  and  also  hleadm 
the  blue  color.  An  excess  of  peroxide  intcrferc-i  with  the  reaction  by 
destroying  the  catalytic  power  of  the  blood  and  by  reacting  with  the 
benzidine  itself,  with  the  formation  of  products  which  appear  to  have 
an  inhibitory  action.  It  is  very  essential  that  the  pcro.\idc  be  added 
last. 

The  benzidine  solution  should  be  dilute.  Such  solutions  are  exceed 
ingly  sensitive  and  permit  the  detection  of  blood  when  present  in  ratio 
I  :  5,000,000, 


lei 


15.  Heinin  Test — (a)  Teichmann's  Method. — Place  a  very  small  drop  ol 
blood  on  a  microscopic  slide,  add  a  minute  grain  of  sodium  chioride'  and  urc 
hilly  evaporate  to  dryness  over  a  low  flame.  Put  a  cover-glass  in  place,  nu 
underneath  it  a  drop  of  glacial  acetic  acid  and  warm  gently  until  the  formaticnj  d 
gas  bubbles  is  noted.  Add  another  drop  of  glacial  acetic  add,  cool  the  prepan- 
tion,  examine  under  the  microscope  and  compare  the  crystals  with  those  shows  to 
Pigs.  78  and  79. 

'l"hc  hcmin  crystals  result  from  the  decomposition  of  the  hemogloluQ 
of  the  blood,  What  are  the  steps  involved  in  this  process?  The  faemin 
crystaU  arc  also  called  Teichmann's  crystals.  Is  this  an  absolute  ttA 
for  blood?  Is  it  possible  to  differentiate  between  human  blood  and  the 
blood  of  other  species  by  means  of  the  hemin  test? 

(b)  Nippe's  Method.' — Spread  «  small  drop  of  blood  on  a  slide  in  the  fonoot 
a  Blm  and  evaporate  to  dryness  over  a  low  flame.  Now  add  2  drops  of  a  sohiitca 
containing  o.i  gram  each  of  potassium  chloride,  iodide  and  bromide  in  100 ct. 
of  glacial  acetic  acid.  Place  a  cover-glass  in  position  and  heat  gently  ovtt  ■  [«■ 
flame  until  gas  bubbles  form  and  the  solution  bolls.  Run  i-a  drops  of  :h> 
reagent  underneath  the  cover-glass  and  examine  under  a  microscope.  Caafttt 
the  crystals  with  those  shown  in  Figs.  78  and  79. 

This  method  is  more  rapid  than  Teichmann's  method  and  crysUls 

■  Benzidine  lolulion  may  he  prepared  as  fuliuwa:  I'lace  4  jj  cc.  of  gls<:iiil  nrrtic  iudi° 
A  small  Erlcnmcyct  Hull,  narm  to  jo*  and  add  0.5  gram  at  bensldinc.  Ueat  the  ^"^M 
eight  10  ten  minutci  in  wnter  «t  50*.  To  the  rctultsnt  mlution  add  19  ex.  of  dlitiDto 
water.    This  solution  may  be  kept  for  several  dava  witliout  drtedoratioD. 

'  lluckmastci  cnniiden  the  Uie  of  potassium  chloride  prefetabtc 

•Nippt,-  Deul.  mtd.  Wtck.,  38,  uii,  iqii. 
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Fio.  78. — Heidn  Crystals  from  Huuan  Blood. 

K^nduced  from  a  mkrtv^otograph  furnisbed  by  Piof.  E.  T.  Reicbert,  of  th«  University 

of  Pennsylvania, 


^    V 


v.^to 


Fig.  79. — Hewn  Crvstals  from  Sheep  Blood. 

Kcptoduced  from  a,  micro-photograph  [urnished  by  Prof.  E.  T.  Reicheit,  of  the 

University  of  Pennsylvania. 
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of  inorganic  chlorides  are  not  formed.    In  Teichmana's  method  crystill 
of  sodium  chloride  often  obscure  the  hemin  crystals. 

(c)  Atkinson  and  Kendall's  Uetiud. — Introduce  a  small  amount  of  the  solutioB 
under  examination  into  a  tube  dosed  at  one  end,  add  sodium  chloride  and  ^sdil 
acetic  add  as  in  Teichmann's  method,*  fuse  or  tightly  plug  the  open  end  of  the  tube 
and  heat  for  fifteen  minutes  in  a  boiling  water-bath.'  Remove  the  tubeand  pendt 
it  to  cool  to  room  temperature  spontaneously.  When  the  tube  has  cooled,  bmk 
it  open,  transfer  the  contents  to  a  watch  gloss  or  small  evaporating  dish  and  a» 
centrate  on  a  water-bath  until  the  volume  of  the  fluid  in  the  watch  glass  or  dU 
has  been  reduced  to  a  few  drops.  Transfer  a  drop  of  this  fluid  to  a  slide,  com 
with  a  cover  slip,  allow  the  slide  to  stand  for  a  few  minutes  and  examine  it  ynderi 
microscope.  Compare  the  crystals  with  those  shown  in  Figs.  78  and  79,  page  itj. 
In  case  crystals  of  sodium  chloride  (see  Fig.  80}  obstruct  the  view  of  the  hemii 
crystals,  dissolve  the  sodium  chloride  crystals  by  running  a  drop  of  water  undti 
the  cover  slip. 

(d)  V.  Zeynek  and  Nencki's  Method. — ^To  10  c.c  of  defibrinated  blood  add  acetone 
until  no  more  precipitate  forms.  Filter  oS  the  predpitated  protein  and  extract  it 
with  10  c.c.  of  acetone  made  add  with  3-3  drops  of  hydrochloric  add.  Places 
drop  of  the  resulting  colored  extract  on  a  slide,  immediatdy  place  a  cover-glass  in 
portion  and  examine  under  the  microscope.  Upon  the  ev^wration  of  the  acxtoK, 
crystals  of  hemin  will  form.  Larger  crystals  may  be  obtained  by  evaporating  tLt 
acetone  extract  about  one-half,  transferring  it  to  a  stoppered  vessel  and  allowingit 
to  remain  overnight. 

(e)  Schaljijew's  Method. — Place  30  c.c.  of  gladal  acetic  add  in  a  small  beaka 
and  beat  to  8o°C.  Add  5  c.c.  of  strained  defibrinated  blood,  again  bring  the 
temperature  to  8o''C.,  remove  the  flame  and  allow  the  mixture  to  cool.  Eiainiiie 
the  crystals  under  the  microscope  and  compare  them  with  those  reproduced  in 
Figs.  78  and  79,  page  265, 

16.  Catalytic  Action. — ^To  about  10  drops  of  blood  in  a  test-tnbe  add  twice  tbe 
volume  of  hydrogen  peroxide,  without  shaking.  The  miztuxe  foams.  Vhit  ii 
the  cause  of  this  phenomenon? 

17.  Crystallization  of  Oxyhemoglobin.  Reidterfs  Mettiod. — MA  to  5  ^ 
of  the  blood  of  the  dog,  bone,  guinea-pig,  or  rat,  beft^e  or  after  laUng, «  df 
flbrinating,  from  i  to  5  per  cent  of  ammonium  oxalate  in  tnbstance.  Him  > 
drop  of  this  oxalated  blood  on  a  slide  and  examine  under  die  microsome.  Tb* 
crystals  of  oxyhemoglobin  will  be  seen  to  form  at  once  near  the  maigbi  of  &■ 
drop,  and  in  a  few  minutes  the  entire  drop  may  be  a  solid  mass  of  cijitik- 
Compare  the  crystals  with  those  shown  in  Figs.  70  to  76,  pefies  351  to  354. 

rS.  Preparation  of  Hematin. — Place  100  c.c.  of  hemolyted  {laked)  blood  in  > 
beaker  and  add  95  per  cent  alcohol  until  precipitation  ceases.  What  bodies  in 
precipitated?  Transfer  the  precipitate  to  a  flask  and  boil  with  95  per  cent  alcohoi 
previously  adduJated  with  sulphuric  add.  Through  the  action  of  the  add  tbe 
hemoglobin  is  split  into  hematin  and  a  protein  body  called  globin.  Later  the 
"sulphuric  acid  ester  of  bemaiin"  is  formed,  which  is  soluble  in  the  alcohol.  Con- 
tinue heating  until  the  precipitate  is  no  longer  colored,  then  filter.  Partly  saturate 
the  filtrate  with  sodium  chloridf  anil  ivarm.     In  this  process  the  "hydrochloric  nod 

'  Care  should  be  taken  not  to  add  too  great  an  excess  of  these  reagents. 
'■^  'i'his  process  injures  constancy  01  temperature  and  strength  of  reagents. 
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Iter  of  hetnaUn"  is  fonocd.  Filter  &nd  disaolve  oa  tbe  filter  paper  by  sodium 
ubonatc  Save  this  alkaliae  solution  of  heniiitin  and  mnlce  a  spectrosoopic  ex- 
aiaatioQ  later  after  becoming  familial  with  the  use  of  the  spectroscope.  How 
Mtt  tbe  spectrum  of  oxyhemoglobin  differ  from  iKat  of  the  derived  aiJtaii  kemaiin} 
19.  Preparatton  of  Thrombin  CHowell).'— Prepare  fibrin  from  pig's  Uood 
KOrding  to  directions  given  on  page  368.  Wash  the  fibrin  thoroughly  tn  water 
I  lemore  hemoglobin.  Squeeze  out  the  water,  mince  the  fibrin  and  cover  with 
■9  per  cent  sodtuin  chloride  solution  and  allow  to  stand  in  the  cold  for  4S  hours. 
IBter.  Precipitate  the  thrombin  (and  other  proteins)  from  tbe  (Itlrate  by  adding 
u  e^ual  volume  of  acetone.  Filter  the  mixtoie  rqddl;  llirouch  R  nomber  of 
■all  iis-socc.)  filters.  Spread  out  filter  pap«ti  Bod pndpltste  and  di7 rapidly 
la  a  current  of  cold  air.  Cut  the  dried  papers  into  smatl  pieces  and  treat  with  a 
tohnM  of  water  equivalent  to  66  per  cent  of  the  8  per  cent  HaCl  previously  used. 
Allow  to  stand  one-half  hour  and  filter.  Shake  the  filtrate  with  chloroform 
(to-is  c.c  per  100  cc  filtrate)  tratil  on  settling  no  opalescence  is  developed  by 


Fro.  Ho. — .SoDiuu  CKi.nitiDr. 

Intiiig  t  poftioo  <rf  the  supernatant  fluid.  Decant  the  liquid  and  evaporate 
*a**t£h  ^sses  fj  c.c  to  a  waicli  glassl  in  a  current  of  air.  Thrombin  so  pre- 
pared nuy  be  kept  indefinitely  in  a  desiccator. 

».  Variation  in  Size  of  Erythrocytes.— Prepare  two  small  funncis  with  filter 
Kmnidi  as  arc  uicd  in  qu.intitativc  nnal)'si«.  Moisten  each  paper  with  physio- 
^igiol  (itotonic)  salt  solution.  Into  one  fiuind  introduce  a  small  amount  of 
^^briaated  01  blood  and  into  the  other  funnel  allow  Mood  to  drop  directly  from  a. 
'  w^tated  frog.  Note  that  the  filtrate  from  the  01  blood  is  colored,  whereas  that 
""a  the  frog  blood  is  colorleu.  What  deduction  do  you  make  regarding  the 
nlHive  uxe  of  the  erythrocytes  in  01  and  frog  blood?  Docs  cither  filtrate  dot? 
*by? 


t 


H.  Blood  Serum* 


)•  Coagulation  Tern perature.— Place  5  c.c.  of  undiluted  setrun  in  a  test-tub* 
^•teimine  its  teropenlure  of  coagulation  according  to  the  method  described 


'Howdl:  Am.Jouf.  Pkjti«t., 3t,  164. 1013 

■  >'of  direcftoiM  «  lopnpantioa oSicmm,  k*  "Reagenvs and So\\«,\iw*." 
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on  page  105.    Note  tb«  temperxture  at  which  a  dondiiirsB  occurs  as  well  as 
temperature  at  which  coagulatiao  is  complete. 

2.  Pndpltation  by  AlcohoL— To  5  cc  of  s«nim  in  a  test-tubs  add  nn« 
amount  of  95  per  cent  aloriiol  and  tboroufhly  mil  bj  shakinf .    Wbal  is  Qiii 
cipitate?     Make  a  confinnatoiy  test    Test  the  alcoholic  fiJtrate  for  pntta. 
Expbin  the  result. 

3.  Prot«inK  of  Blood  S«nim.  —Place  about  10  cc.  of  serum  in  a  small  itip> 
ratine  dish,  dilute  with  5  cc.  of  water  and  heat  to  boiling.  At  the  botUnc-poiK 
acidify  ilii^tty  with  dilute  acetic  acid.  Of  what  does  this  coafulum  ow^i? 
Filter  off  the  coagulum  (reserve  the  filtrate)  and  test  it  as  follows : 

(a)  MiUon's  Reaction. — Make  the  test  according  to  directions  given  on  ftp 

97- 

(b)  Hopkins-Cole  Reaction. — Make  the  test  according  to  dlrectioos  gina« 
page  98. 

4.  Sugar  in  Serum. — To  5  cc.  of  the  neutralized  filtrate  from  Erperimntj 
add  5  drops  of  Fehling's  solution  and  boil  one  minute.     What  do  you  conehidt? 

5.  Detection  of  Sodium  Chloride,  (a)  Test  a  litdc  of  the  filtrate  froo  Ex- 
periment j  for  dilorides,  by  tbeuse  of  nitricaddandsilTernilrate.  lb)  Bnfi>- 
orate  s  cc  of  the  filtrate  from  Experiment  3  in  a  watcb  ^ss  on  a  water-buk. 
Eiamine  the  crystals  and  compare  them  with  those  reproduced  In  Fig.  80,  p.  i(t> 

6.  Separation  of  Serum  Globulin  and  Senun  Albumin. — Place  10  cx-tt 
blood  scrum  in  a  small  beaker  and  saturate  with  magnesium  sulphate.  Whitii 
this  precipitate?  Filler  it  off  and  acidify  the  filtrate  slightly  with  acetic  uii 
What  is  this  second  predpitate?  Filter  this  precipitate  off  and  test  the  filtnii 
by  the  biuret  test.    What  do  you  conclude? 


^1 


m.  Btood  Plasma 

1.  Prepanttionof  Oxalated  Plasma.— Allow  arterial  blood  to  run  into  an  (qnd 
volume  of  0.3  per  cent  ammonium  oxalate  solution. 

2.  Preparation  of  Fibrinogen. — To  15  cc.  of  ozalated  plasma  add  an  tqu^ 
volume  of  saturated  sodium  chloride  solution.  Note  the  precipitation  of  titmn- 
ogen.  Filter  off  the  predpitate  (reserve  the  filtrate)  and  test  it  by  a  protein  oolot 
test  (see  page  97). 

3.  Effect  of  Calcium  Salts.— Place  a  small  amount  of  oxalated  pUsma  in  s 
test-tube  and  add  a  few  drops  of  a  3  per  cent  cakium  chloride  solution.  Vim 
occurs?    Explain   It 

4.  Prepantlion  of  Salted  Plasma.— Allow  arterial  blood  to  run  into  an  equal 
voliune  of  a  saturated  solntton  of  sodium  sulphate  or  a  10  per  cent  solutioa  tl 
sodium  chloride.    Keep  the  mixture  in  a  cool  place  for  about  14  hours. 

5.  Effect  of  Dilution.- Place  a  few  drops  of  salted  plasma  in  a  test-tube  ud 
dilute  it  with  10-15  volumes  of  water.    What  do  you  observe?    Explain  it 

IV.  Fibrin 

I.  Preparation  of  Fibrin.- Allow  blood  to  Sow  directly  from  the  animal  liSo 
a  vessel  and  rapidly  whip  it  by  means  of  a  bundle  of  twigs,  a  mass  of  strong  cords, 
or  a  spedally  constructed  beater.  If  a  pure  fibrin  is  desired  It  is  not  best  w 
attempt  to  manipulate  a  large  volume  of  blood  at  ooe  time.  After  the  fibrin  its 
been  collected  it  should  be  freed  from  any  adbciiiic  Mood  clots  and  washed  is 
water  to  remove  further  traces  of  blood.  The  pure  product  should  be  very  lifbl 
ia  color.    U  may  be  preserved  under  g)ljc«to\,  AAule  mVcatwl,  oc  chloroform  wattr. 
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}.  Solubility.-  -Try  the  sotubilitj  of  small  shreds  of  freshly  prepared  fibrin 
I  water,  dilute  add  and  alkatL 
].  HiUon's  Reaction. — Hake  th»  test  according  to  directioss  givao  on  pag* 

4-  dyoxylic  Acid  Reactian  (Hopkins-Cole).— Make  the  test  according  to 
I  dir«c6oiis  given  on  page  98. 

5.  Biwet  TecL — Make  the  test  according  to  dir ectioaa  given  on  page  98. 


V.  Detection  ot  Blood  in  Stains  on  Qotb,  Etc 

I.  Identificatiini  of  Corpuscles. — If  the  stain  under  examination  is  on  doth 
iportiion  should  be  extracted  with  a  few  drops  of  glycerol  or  physiological  (0.9  per 
rant)  sodium  chloride  solution.  A  drop  of  this  solution  should  then  be  examined 
onder  the  microscope  to  determine  if  corpu&cles  are  present. 

3.  Teats  on  Aqueous  ExtracL — ^A  second  portion  of  the  stain  should  be 
extracted  with  a  small  amount  of  water  and  the  following  tests  made  upon  the 
aqneouB  extract: 

(a)  Hemochromogen.—Make  a  small  amount  of  the  extract  alkaline  by 
potassium  hydroxide  or  sodium  hydroxide,  and  heat  until  a  browmsh-greeo  color 
resnlts.  Coo]  and  add  a  few  drops  of  anunonhun  sulphide  or  Stokes'  reagent 
(see  page  396)  and  make  a  spectroscopic  examination.  Compare  the  spectrum 
with  that  of  hemochromogen  (see  Absorption  Spectra,  Plate  11).  Uankin'  has 
suggested  a  test  based  upon  the  formatioa  of  cyanhemochromogen  and  the 
miCTOSpectroscopical  demonstration  of  the  spectrum  of  this  compound. 

(b)  Hemin  TesL^Hake  this  test  upon  a  small  drop  of  the  aqueous  extract 
according  to  the  directions  given  on  page  164. 

(c)  Gualac  Test. — Make  this  test  on  the  nqueouK  cxtmct  according  to  the 
directions  given  on  page  261.  The  gualac  solution  may  also  be  applied  directly 
to  the  stain  without  previous  extraction  in  the  following  manner:  Moisten  the 
stain  with  water,  and  after  aOowing  It  to  stand  several  minutes,  add  an  alcoholic 
solution  of  guaiac  (strength  about  i  :  60)  and  a  little  hydrogen  peroxide  or  old 
tBXpentine.    The  customary  blue  color  will  be  observed  in  the  presence  of  blood. 

(d)  Benzidine  Reaction.— Make  this  test  according  lo  directions  given  on 
pa«e363. 

(e)  Add  Hematin.— If  the  stain  fails  to  dissolve  in  water  extract  with  add 
4dcoboI  and  exaiouie  the  spectrum  for  absorption  bands  of  add  hematin  (see 
Absorption  Spectra,  Plate  II). 

*  Huikio:     Brit.  Mtd.Jomr.,  p.  1161,  1006. 
Sutheriiod  aad  Mitni:  Biochfutkiil  Journal,  S,  laS,  1914. 


CHAPTER  XVI 

BLOOD  ANALYSIS 

The  study  of  the  composition  of  the  blood  under  vaiious  notmal  u 
pathological  conditions  has  received  great  impetus  from  the  develcqimt 
of  methods  for  blood  analysis  which  require  but  small  amoonts 
material  and  yet  ^ve  accurate  results.  Many  facts  of  physiolo^ 
as  well  as  clinical  importance  have  thus  been  made  available.  Sot 
typical  examples  of  data  obtained  in  this  way  are  given  in  the  folloni 
table: 

COMPOSITION  OF  NORMAL  BLOOD  AND  OF  THE  BLOOD  IN  CERTAB 
PATHOLOGICAL  CONDITIONS' 


TotelMlida, 

Noncal 

Chronic 
Depbritii 

Uremia 

Bariy 
diibeta 

Sevan 

dtabetn 

C«rt  l4p«mC"^*- 

dS 

«a 

13-ID     1     I>-Il 

j          1 
I7-»0     |I»-«I| 

ToUl  N,  per  ! 

3.S-3-0  1   1. 7-1. 7 

1            1 

i.s-t.e  i        i 

Noa-ptoMin 

,  ai-3S 

3J-90          SO-SiO 

«-3j 

Ah 



lO-TO     '     TO-KM 

1 

Drle  acid .        i-j 

1-4       '■       4-»7 

3-6 

H 

CfMtinine t-i 

1-3       1       4-33 

">                 ' 

i-jo 

1 

1 

AmlochaciilN. ,       4-s 

6-16.0 

1                   1 

AmmiHlik  N.   '  o.i-O.i 

O.I-O.l   :   O.l-I.D 

1 

StVM',  percent 

AcvtOM  -^ 

AcetoecetlQ 

o.ofr.o.ri 

:   O.I-O.l 

O.IJ-O.SO 

0.3-0.1  ' 

r^¥  .n 

r*aj 

i.J-ia 

1 
1 

19-40      1 

•v-^     1. 

^hydroxy- , 
butyric  add  .       0~3-0 

S-JJ 

S-.i 

1             1 
lO-SO      1             [ 

Choleitenil, 

0.IJ-O.3S 
o.ss-o.TS 

0.IT-O-3S 



o.is-o.jo I0.S-1.6 

o.si-o.gs 

CbloridM     u 

NkQ. percent      a.fij       ; 

0.4^-0.6} 

I 

0.6n                , 

Add      (olubla 
phoepborui. . 

Lipoid     pb«- 

1-6 

3-7 

7-21 

6-11 

8-13 

»-30      " 

Ptt.percant       O.I-0.1> 

1 

'  Results  are  expressed  as  milliKranu  per  loo  grams  of  blood  unless  otherwise  mdkttt 
Some  of  the  figures  given  are  based  upoa  but  few  analyses  and  may  not  be  entirely  chui 
(eristic.  The  data  here  tabulated  have  been  compiled  from  the  work  of  many  obwivt 
The  following  may  be  particularly  mentioned:  Myers  and  Fine:  Jour.  Biol.  CtM.,1 
391,  igi s;  Posl^aduale,  ii)i4-rs;  reprinted  as  "Chemical  Composition  of  the  Uood 
Health  and  Disease,"  New  Vork,  1915;  FoUn  and  Denis:  Jour.  Biol.  Ckem.,  14,  aQ,  ipr 
13,  469,  1913;  17.  48;,  1914;  Arch.  Int.  Med.,  16,  33,  1915;  Christian,  Frof hingham  1 
Wood:  Am.  J.  Med.  Set.,  15°,  65s.  191S;  Oreenwald:  Jour.  Biol.  Chtm.,  ai,  99,  tgtsi  ^ 
Slyke  and  Meyer:  Jour.  Biol.  Chim.,  11,  399,  [913^  Bloor:  Jour.  Biol.  CAem.,  ij,  317,  ig 
Marriott:  Jour.  Biol.  Chtm.,  16,  303,  19131  18,  507,  1914. 

'A  short  time  after  a  meal  richmlal  t^ebVoodmsv  u»i.\Mx.cnvt!&&GM]:&^iaoK(at> 
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It  will  be  noted  that  in  chronic  nephritis  the  piincipal  change  is  in 
the  utea  and  non-psrotein  nitrogen  of  the  blood  which  may  increase 
couiderably.  In  severe  cases  associated  with  uremia  the  retention  of 
these  forms  of  nitrogen  may  be  very  great  and  there  is  a  consequent 
IJK  in  the  blood  content  which  may  amount  to  looo  per  cent  or  more. 
In  uremia  there  is  likewise  a  great  increase  in  other  individual  nitroge- 
aeons  components  of  the  blood  such  as  uric  add,  creatinine,  creatine, 
imiso-acid  nitrogen,  and  even  of  ammonia.  The  increase  in  creatinine 
hu  been  shown  by  Myers  and  Fine  and  others  to  be  significant,  inas- 
mudi  as  this  increase  does  notappear  tooccur  in  other  types  of  nephritis. 
Uric  add  is  greatly  increased  in  uremia  and  may  be  very  much  higher 
than  in  gout.  Associated  with  uremia  there  is  ordinarily  an  acidosis. 
There  may  be  an  increase  in  the  sugar  of  the  blood  and  a  very  great 
increase  of  the  acetone  bodies  present.  An  increase  is  also  generally 
ibiind  in  cholesterol  and  in  the  various  forms  of  phosphorus  of  the  blood. 

In  diabetes  the  most  noteworthy  changes  are  in  the  content  of  glucose 
■ml  of  acetone  bodies.  Glucose  may  be  increased  above  the  normal 
(iboot'b.i  per  cent)  to  0.15-^.80  per  cent.  The  increase  in  acetone, 
(Hacetic  acid  and  hydroxybutyric  add  is  very  marked  in  comparison 
li^i  the  minute  amounts  found  in  normal  blood.  There  may  also  be 
anbaease  in  fat  and  other  h'poids  in  severe  diabetes. 

In  gout  the  characteristic  change  is  in  the  uric  add  content  which  is 
■Imost  always  considerably  increased.  Other  forms  of  nitrogen  are 
iffected  but  little.  In  arthritis  the  blood  may  also  be  high  in  uric  add 
but  in  this  case  ordinarily  there  is  a  rise  in  non-protein  nitrogen  also. 

lipemia  is  usually  assodated  with  an  increased  sugar  content  of  the 
blood.  The  fat  content  in  this  condition  has  been  found  as  high  as  29 
P^cent.  Iliere  is  a  correspondingly  large  increase  in  the  cholesterol 
<if  the  blood. 

In  cholelithiasis  there  appears  generally  to  be  a  fairly  marked 
Ucrease  in  the  cholesterol  content  of  the  blood  and  this  determination 
U  thus  of  diagnostic  aid.  Some  increase  may  also  be  found  in  other 
^Borders  as  in  nephritis,  severe  diabetes,  pregnancy,  alteriosclerosis 
Uid  syphilis. 

Methods 

IToo-i>rotein  Nitrogen.-  (a)  Colorimetric  Method  oj  Folin  and  Denis} 
-Principle. — This  method,  which  is  simple  and  convenient,  depends 
pen  the  removal  of  the  protdns  from  a  sample  of  blood  by  precipita- 
ffn  with  methyl  alcohol,  and  the  estimation  of  nitrogen  in  the  methyl 

*Folia  tad Deoit:  J.  Biol.  Cbem.,  11,  $27,  1911. 
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alcohol  solution  (after  the  removal  of  the  proteias)  by  means  of  oA- 
dation  and  Nesslenzation.  The  details  of  the  procedure  are  caiai 
out  in  the  following  manner: 

Method  of  Drawing  Blood. — Attach,  by  me<aiis  of  a  short  piece  of  panf 
tubing,  an  hypodermic  needle  about  i  mm.  in  diameter  and  15  mm.  ifl  I 
(previously  stenliied  and  paraffined!  to  the  tip  of  a  3  or  5  c.c  pipette, 
into  the  upper  end  of  the  pipette  (which  must  be  perfectly  deao  and  dry)  a ! 
pinch  of  powdered  potassium  oxalate,  and  allow  it  to  run  down  into  the  lip  andihi 
needle.  Attach  a  piece  of  rubber  tubing  to  the  a^tt  end  of  tbe  p^tte,  and  tottii 
a  niouth|»ece  connstinf  of  a  short  tapering  |JtB8  tube.  Pbce  •  pinchcodi  onr 
tbe  rubber  tube  near  the  top  of  the  pipette.  To  draw  the  blood,  insert  the  Btefk 
into  the  vein  or  artery  and  regulate  the  flow  by  means  of  the  pincbcock  and  nt- 
tioa.  The  exact  quantity  of  blood  desired  is  thus  obtained  without  any  wutt« 
dotthig. 

Method  of  Isolating  Non-protein  nitrogen  Constituents. — Methyl  akobolud 
sine  chloride  are  employed  as  precipitaots  for  the  protein  materials  of  the  bls«4< 
and  the  determination  of  the  non-proteiii  nitrogen  is  then  carried  oat  tipM  ■ 
portion  of  the  methyl  alcohol  extract.  The  procedure  Is  as  follows:  TnisiB 
the  blood,  as  tooa  as  drawn,  to  a  measuring  flask  which  is  half  filled  whb  jm 
math^  alcohol  (must  be  acetone  free).  Fill  to  the  mark  with  methyl  ololiol 
and  shake  thoroughly.  (If  3  c.c.  of  blood  are  taken,  25  c.c.  flasks  are  used  for  tb( 
precipitation,  while  for  5  c.c  of  blood  50  c.c  flasks  are  used.}  Allow  the  fliA 
to  stand  for  at  least  two  hours  and  at  the  end  of  that  time,  or  later,  filter  the  cee- 
tcnlB  through  dry  ftllcr  paper.  Add  i-j  drop!  of  a  Mturated  alcoholic  solution  t( 
zfaic  chloride  to  the  filtrate  and  filter  again  tltioach  a  dry  filter  paper  after  a  {e* 
minutes.  Tbe  zinc  chloride  brings  down  an  appreoable  precipitate  and  the  bfl 
traces  ot  coloring  matter,  so  that  the  second  filtrate  obtained  is  perfectly  coloikal 
and  clear.    This  filtrate  is  used  for  the  determination  of  non^protein  nitrogen. 

Trichloracetic  Acid  Atodificaiicm. — Greenwald'  has  suggested  tb 
use  of  trichloracetic  add  as  the  precipitant  for  the  proteins  of  the  blood 
as  being  more  satisfactory  than  the  methyl  alcohol  and  zinc  chloride 
The  objection  to  the  methyl  alcohol  is  that  »ome  of  the  amino-aad 
(creatine,  asparagine,  and  tyrosine)  are  iiLsoluble  in  it  and  hence  pre 
dpitatvd  along  witli  the  proteins.  These  acids  arc  not  removed  by  th' 
tridiloracetic  add.  Certain  nitrogenous  lipoid  substances  are  predpi 
tated  by  the  trichloracetic  add  and  not  by  the  methyl  alcohol.  Greco 
wald  suggests  that  these  substances,  even  tliough  non-protein  in  chai 
actcr,  shotild  not  be  included  with  the  non-protdn  nitrogen  o{ 
amino-adds  and  urea. 


I 


t 


Procedure. — ^Dihile  the  blood  to  ten  times  its  original  volume  with  3.5  p* 
cent  trichloracetic  add  solution.  Let  stand  30  minutes  and  then  filter.  Shak 
the  filtrate  with  about  4  grams  of  kaolin  per  100  c.c  and  filter  again.  An  aUqoo 
of  this  final  filtrate  is  taken,  digested  with  sulphuric  acid  and  nitrogea  deier 
mined  in  the  usual  way. 


'  Orteawald:  J.  BM.  Cktm.,  11,  61,  i^tj. 
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Detenninatioa  ot  Total  Non-proteiD  Nitrogen. — Transfer  5  cc  of  the  alcoholic 
■te  to  a  la^e  Jena  test-tube  of  the  same  kind  aa  is  used  in  urine  saaljBis 
■  pago  485).  Add  I  drop  of  concrntraled  sulphuric  acid,  i  drop  of  kerosene, 
1 1  small  pebble  or  glass  bead  to  prevent  biunpiog.  Inunerse  the  (est-tube 
1  baakn  of  boiling  water  for  five  or  ten  minutes  to  drive  off  the  methjl  alcohol. 
I  the  alcohol  ia  removed  add  i  c.c.  of  concentrated  sulphuric  acid,  i  gram  of 
I  sulphate  and  i  drop  of  copper  sulphate  Bolution.  Boil,  cool,  dilute  and 
I  Hw  solotion  as  described  in  the  determination  of  total  nitrogen  in  urine 
(pafe  485))  except  that  the  ammonia  is  collected  in  a  large  test-tube  instead 
1 100  c.c.  flask.  Nessleriie  the  solution,  using  7  to  8  c.c.  of  diluted  Nessln 
Bl  (dUutloD  I  :$>,  dilute  to  15  or  50  cc.  according  to  the  amount  of  color, 
and  compare  with  a  standard  solution  cootatning  i  mg.  of  ammonia  nitrogen, 
Btsslartted  and  dihiled  to  100  c.c.  and  the  colorimeter  prism  set  at  30  mm. 

Ctlcnlations. — If  5C.C.  of  blood  are  diluted  to  50  c.c.  and  10  c.c.  of  the  alcoholic 
eitnct  icquivalont  to  i  cc  of  blood)  are  used  for  the  determination,  the  amount 
of  Don-firoteiQ  nitrogen  (as  raiUigrams  per  100  c.c.  of  the  blood)  can  be  obtained 

b;  use  of  the  formula  j.  X  D,  in  which  R  stands  for  the  reading  of  the  unknown 

lad  D  represents  the  volume  to  which  its  ammonia  has  been  diluted.    If  the 

equiv&tQit  of  0.4  cc  of  blood  has  been  taken  for  the  determination  the  formula 

50 

I,  X  D  is  used,  and  if  the  equivalent  of  0.5  c.c.  of  blood  has  been  taken  the 

fmrnula  becomes  1)  X  D. 

(i)  Cohritnelrk  Method  for  Finger  Blood.  -Principle. — Taylor  and 
'Hritoa'  have  suggested  a  modification  for  tlic  delermination  of  non- 
potdn  nitrogen  u»ing  front  4  to  8  drops  of  blood,  It  is  based  upon  the 
obttTvatioQ  of  Gulick*  that  the  presence  of  small  amounts  of  potassium 
sulphate  docs  not  appreciably  interfere  with  the  Nesslerization  of  solu- 
lioas  contaiuing  ammonium  salts.  The  Ncsslcrization  is  accordingly 
tuned  out  directly  upon  the  oxidized  material  without  removal  of  the 
anunonia  by  aspiration  or  distillation.  The  authors  use  a  mixture  of 
'liierand  alcohol  for  the  precipitation  of  proteins.  The  uuthors  claim 
'  only  approximate  accuracy  for  the  method  and  the  small  amount  ol 
tipcad  nitrogen  included  with  the  other  non-protein  nitrogen  may  be 
■Msrcgarded. 

Procedure. — Place  10  c.c  of  a  mixture  of  absolute  alcohol  and  ether  ($  :  1) 

in  1  small  Erleiuneyer  flask.    Stopper  and  weigh  the  flask  with  its  contents. 

Hemove  the  Stopper  and  allow  from  4  to  8  drops  of  blood  (depending  upon  the 

UQOunt  of  non-protein  nitrogen)  to  drop  from  the  finger  which  has  been  cleaned 

Ud  pricked  with  a  ahup  lance.     The  blood  should  drop  freely  when  the  hand  is 

Md  down.     Insert  th«  stopper  and  weigh  the  flask  and  contents.     The  increase 

in  weight  is  of  course  the  weight  of  blood.    Within  a  half -hour  filter  the  mixture 

into  the  digestion  flask  and  wash  the  filter  with  s  c.c.  of  alcohol-ether.    The 

fiCraie  is  clear  and  practicallp  free  from  protdn,  although  it  probably  contains 

trac«s  of  nitrogen-containing  Upoids.    The  Kjeldahl  digestion  is  carried  out  ink 

'  A.  t   Taj-iur  and  V.  MuUoa:  J.  Bi^J.  Cifm.,  j:,  [.i,  loii. 

•(Jutoi.  X  Bi>L  Ci«m..  ,$,  S4I.  ipl* 
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95  G.e.  loag-necked,  cound-bottoraed  KjeldaU  flask,  the  neck  of  whkh  I 
crook  near  the  top.  Add  «  snuUJ  piec«  of  acid  potaK*itun  xutphate,  several  ||| 
beads,  and  drive  ofi  the  alcohol-ether  by  heating  on  a  hot  pUte.  When  tbeftu 
is  nearly  dry  add  i  cc  of  coracentraled  sulphuric  acid  and  not  more  than  3001 
400  mg.  of  potassiuiii  nlpbBte.  Thra  place  the  flask  over  the  direct  SmmuqI 
micf  o-humei  1  restfaig  the  bottom  of  the  fla&k  upon  an  asbestOB  board  wUekhii 
Ctrcnlar  perforation  a  little  smallrr  than  the  circle  of  i  cc.  of  solpbaric  acid  ta  t 
digeetlofi  flask)  and  tieat  until  the  mixture  is  colorless.  Transfer  the  dlprfj 
mixture  to  a  lOO  cc.  Saalc,  neutraliie  the  sulphuric  add  with  about  3  cc.  of  i; 
per  cent  solution  of  sodium  hydroxide,  fill  the  flask  to  over  three-qaarten  fi 
with  ammonia-free  water,  and  add  5  cc  of  Winkler's  modificatioa  of  Ifcsrie 
Bolation  (see  page  603).  Dilute  to  mark  with  water  and  compare  the  color  to  fl 
DuboBcq  colorimeter  (see  Fig.  153,  p.  486}  against  a  standard  sotutioci  of  1 
idinn  sulphate. 

a.  tTrea.— The  Urease  Hetbod.~VaD  Slyke  and  CuOen's'  Mc 
Marshall's  Method.* 

Principle.— See  Urease  Method,  Chapter  XXVI. 

Procedure.^Run  3  cc.  of  fresh  blood  (carefully  measured  with  an  ac 
pipette)  into  a  100  cc.  test-tube  containing  i  cc.  of  a  3  per  cent  solution  of  p«U 
slum  citrate  (to  prevent  clotting).  Add  0.5  cc.  of  the  urease  solution*  audi  or 
drops  of  caprylic  alcohol  (to  prevent  foaming).  After  ten  minutes  add  tj  t-i 
of  a  saturated  solution  of  potassium  carbonate,  and  drive  oS  the  scomoaii  b 
aspiration  into  another  tube  containing  15  cc.  of  hundredth -normal  hydtocUff 
or  eulphuric  add.  Titrate  the  excess  of  acid  with  hundredth-normal  sodia 
hjrdroxide  or  potassium  hydroxide,*  using  methyl  red  or  alizarin  as  indicaut. 

Ctlciilatlons. — Each  cubic  centimeter  of  acid  neutralized  indicates  OjOI  im 
of  nrea  per  100  cc  of  blood,  or  0.0467  gram  of  urea  nitrogen  per  100  c  c  of  UoM 
In  case  the  blood  should  be  one  of  the  rare  samples  containing  over  o  .15  per  w 
of  urea,  all  the  add  will  be  neutralized,  and  it  will  be  necessary  to  repest  III 
determinations,  using  in  the  determination  only  i  cc.  of  blood.  Fredi  bloc 
contains  so  little  mnuiouia  that  it  may  be  disregarded.  For  further  dtocMwn^ 
the  urease  method  see  Chapter  XXVT. 


3.  Uric  Acid. — Colorittteiric  ificrcekemical  Method. — PriruifU.' 
Folin  and  Denis*  were  the  first  to  apply  the  ttchnic  of  their  melh' 
for  the  determinalion  of  small  quantities  of  uric  acid  to  the  qua 
titativc  estimation  of  uric  acid  in  blood.  (For  a  discussion  of  t 
principle  of  the  color  reaction  see  the  determination  of  uric  add  in  uriJ 
page  510.)  The  procedure  necessary  for  the  detennination  in  blottj 
somewhat  different  from  that  used  for  the  dctcrmitiation  in  urine  bd^ 
of  the  presence  of  proteins  in  the  blood.  These  must  be  removed  6r 
and  then  the  uric  add  may  be  determined  in  the  protcin-frec  extra 
according  to  the  procedure  used  for  the  determination  in  urine.    X 

■  Van  Slyke  and  Cullen:  /.  Am.  Med.  Ats'n,  6>,  iss8,  toi4- 
'  Manboll:  Jt>uT.  Biet.  Chtm.,  15,  48T,  1913. 

■  The  CDsymc  solullon  Isprtpurtd  at  described  under  "Reagtnts  and  Solnlioai," 
*  Rote  and  Coleman  {Biocktm.  ShU.,  3,  411, 1914)  sxwstel  the  colorimelrtc 

tton  of  the  aminonLi  (icc  pa^  49>)' 

*Poiia  nail  Dcoii:  J.  BM.  Chem.,  xj.  tfift,  W-\. 
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prouios  arc  nfmoved  from  the  blood  by  precipitation  with  hot  dilute 
iceiic  acid  in  the  following  muDaer: 

(t)  PoUn-Denis  Piroceduie.— The  blood  Is  dnwn  into  small,  wide-mouthed 
botUes  pmioiuly  weired  and  conUtininf  k  null  amount  (about  o.i  gram}  of 
flatly  powdered  potassium  oxalate.  Prom  the  subsequent  weight  ot  each  bottle 
ktbtained  the  weight  of  the  blood.  Five  tunes  this  weight  of  N/ioo  acetic  acid 
Mktioo'  is  traasferred  to  an  ordinary  looo  c.c.  Ilask  and  healed  to  boiling.  The 
tniuti  blood  Is  then  poured  into  tliis  boiling  acetic  add  solutioa,  stilting  con- 
Mu^,  and  the  beating  is  continued  until  the  soIutioD  has  again  begun  to  boiL 
llumixtnre  is  filtered  while  still  hot  The  coagulated  material  on  the  filter  paper 
it  tnniferted  back  into  the  flask  (by  means  of  a  small  spoon  or  a  spatula),  about 
too  cc.  of  boiling  water'  are  poured  over  it  and  it  Is  allowed  to  Bland  for  five 
mimiteB.  Thiamixture  is  then  filtered  through  the  same  filter  us  was  used  for  the 
SntBJIratioiL.  The  filtrate  in  the  receiving  fiask  should  be  very  nearly  as  clear 
•s  inter,  and  will  be  fotuid  to  be  so  if  the  oiiginat  blood  was  promptly  shaken 
villi  the  oxalate,  so  that  no  dotting  has  taken  place. 

tfdottiitg  has  occurred,  the  coagulation  and  n-asbing  of  the  blood  is  a  Uttle 
■m  complicated.  The  clot  leads  to  so  much  bumping  in  the  boiling  acetic  acid 
Mhliai  that  it  is  not  practical  or  safe  to  tiy  to  heat  the  mixture  to  boiling, 
file  fikratioQ  is,  therefore,  made  earlier.  The  partially  coagulated  clot  it  then 
tmlKo  up  with  a  glass  rod,  transferred  to  a  mortar  and  there  ground  into  a  paste 
iB  Ibt  fresence  of  hot  water.  This  suspension  is  then  poured  on  the  filter.  The 
irtteln  material  on  the  filler  is  then  washed,  as  before,  with  about  lOO  c.c.  of  hot 
■ittr.  In  this  case  the  combined  filtrates  are,  however,  never  colorless  but  more 
f  Ihs  reddish.  On  being  heated  to  boiling  a  second  small  coogutum  will  be 
ittiiatd  and  the  filtrate  will  then  be  practically  as  clear  as  water. 

Tlie  combined  filtrnte  and  washings,  containing  the  uric  acid  and  other  solu- 
W«  materials,  is  further  acidified  by  tbe  addition  of  s  cc.  of  so  per  cent  acetic 
Kid  aod  is  evaporated,  over  a  free  flnme  in  a  suitable  dish,*  to  a  very  small 
•olnae  (about  3  cc).  The  liquid  is  then  poured  into  an  ordinary  centrifuge  tube 
V  On  dish  vrashed  witli  two  Euccesslve  portions  of  u.i  per  cent  lithium  car- 
toHIt  totstjon,  using  about  1  c.c.  for  each  rinsing.  Any  solid  material  adhering 
to  fte  tides  of  the  dish  is  removed  by  rubbing  with  a  rubber-tipped  stirring  tod. 
nit  Kdid  material  can  be  removed  by  centrifuging  and  pouring  the  supema- 
tui  liquid  mto  another  tube,  washing  the  sediment  with  lithium  carboiMte  solu- 
■ittlSnilh;. 

The  liquid  in  the  centrifuge  lube,  wluch  at  tliis  stage  should  not  be 
■teihin  10  C.C-  ia^-olumc,  is  then  treated  as  in  the  method  tor  urine. 

(b)  Benedict  Procedtve. — Benedict'  has  suggested  thai  the  pre- 
*^Ution  i»f  proteins  by  the  method  of  Folin  and  Denis  19  incomplete, 
^nd  proposes  the  use  of  colloidal  iron  for  the  completion  of  precipitation 

'P<^»r*d  by  diluting  0.6  c-c.  of  gkcinl  acetic  add  to  i  litte. 

f«  tUt  washlnf.  vrater  is  ustd  rstlicr  than  A'/"oo  acetic  acid,  because  if  the  latter  is 
?~0«  coairolum  will  ifivt  o9  more  or  let*  of  the  blood  pigment  and  the  titlmtea  arc  less 

'Ord  nM  B)obuUt>  dishes  10  cm.  in  dinmttcT  and  hsrio^  a  capadty  of  i.co  c.c.  are 
^  ^M  lea  Oa*  pnrpOM.  WUile  free  flnmn  nrc  the  mo«  eonvcnicol  for  conceotratiniE 
*<« add  Mlutioni,  c«re  mu«,  oi  conrsr,  he  uke n  nni  to  char  the  content*  lowiitd  the 
*'"'<  lie  operation-  I'nk*-  the  solution  can  be  watchi^i<:are[u\\ytkt.\h\\'»\»it'*^AV\%^aSe( 
»  HA  ib«  cooemtraiioa  ca  tbe  ir^tcr-baUi. 
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pH  picric  add  solution.  Tlie  prefomted  creatinine  is  then  detcmuncd  rolorimet- 
ialiy.  For  this  putpoec  a  standard  solution  of  creatinine  for  comparison  b 
stonaiy.  Prqurc  this  from  the  standard  creatinine  stodc  solution  as  used  in  ihe 
uiijai  of  urine  (»re  dinpter  on  Qiiantilative  Analysis  of  Urine)  by  dilutiDg  an 
Ittount  of  tiiis  solution  equivalent  to  i  mg.  of  creatinine  to  500  cc.  with  saturate<I 
pioicadd  solution.  We  have  then  it  standard  solution  containing  0.1  mg.  of 
cratinioe  in  too  cc-  of  saturated  picric  acid  solution. 

Tike  10  cc.  portions  each  of  the  filtrate  and  of  the  staD<lard  solution.  To  each 
nlutran  then  add  exactly  ic.c.  of  loper  cent  Nn Oil  from  a  burette.  [If  the  blood 
fptrtle  becomes  turbid  on  addition  of  allciili  it  must  be  cenlrifuged  or  filtered.) 
Allow  lo  Hand  tor  10  minutes  and  compare  the  colors  directly  in  the  colorimeter 
witiaui  further  dilution.  The  standard  creatinine  solution  may  be  set  advantage- 
oodf  at  9o  mm.,  although  this  is  not  necCMnr)-. 

CafcaloMoM. — Since  the  blood  was  diluted  five  times  in  the  precipitation  pro- 
coiarcaad  as  the  standard  for  comparison  contains  0.7  mg.  of  creatinine  per  loo  cc, 
h  b  merely  necessary  to  divide  the  reading  of  the  standard  by  the  reading  of  the 
ontnown  to  obtain  irithout  further  cakulstion  tie  number  of  milligrams  of  creatin- 
ine b  100  cc.  of  blood. 

CmfJiM  Plus  Cftatinine. — For  determining  the  total  creatinine  plus  creatine 
to  Ibt  blood  carry  out  the  prcUmiDaty  precipitation  with  picric  acid  just  as  in  the 
dtlnmniiion  of  creatinine  above.  Take  to  cc  of  thi^  filtrate  for  the  determina- 
tion. Transfer  It  to  a  small  Erieiimeyer  llask  or  large  test-lube.  Cover  the  flask 
orttst-iubc  with  tin  foil,  tranifer  to  an  atitocUvc  and  heat  to  about  iao*C.  for 
nbont »  minutes.  The  autoclave  should  not  be  opened  until  the  temperature  has 
bSat  below  [Qo'C.  Cool  tbc  solution  to  room  temperature,  rinse  into  a  35  cc. 
velumetric  flask  with  saturated  picric  add  solution.  Add  1.35  cc.  of  10  per  cent 
N'lOfI  (or  ibe  develojiment  of  the  color. 

Od  accoont  of  the  variations  in  the  creatine  content  of  normal  blood  two 
Haidaiil  creatinine  sotution.i  are  used.  In  working  on  pathological  cases  a  third 
Uudaid  is  desirable.  These  standards  contain  0.5,  i,  and  1  mg.  of  creatinine 
RVtivcly  per  100  cc.  of  saturated  picric  add  solution.  To  10  cc  of  eadi  ol 
tlwenlDtioos  in  measuring  cylinders  add  i  cc  of  10  per  cent  NnOM  and  allow 
U  itand  for  10  minutes.  By  inspection  determine  which  standard  corresponds 
Mnnearty  in  color  with  the  unknown  and  use  this  for  compari.-H>n.  The  standard 
WlnaOyKt  at  to  mm.  in  the  Duboscq  colorimeter. 

Ciiaialion. — Multiply  the  reading  of  the  standard  by  135  and  by  0.5,  i,  or  a, 
*(fonliiig  to  which  standard  is  used,  and  divide  by  the  rending  of  the  unknown  in 
""UitMlers.  Tlie  result  gives  the  number  of  milligrams  of  creatine  +  creatinine 
i*  leot.c  o(  the  blood  examined. 

$■  AniiDo^dd  NilrogciL  (a)  Aftthod  of  Van  Slyke  and  Mryrr} — Principlt.— 
''^peKtin  ol  the  blood  n  removed  by  predpitaiion  with  alcohol  and  the  amino- 
*oA  nitrogen  determined  in  the  ttltrntc  by  the  nitrous  acid  method. 

/Vecerfur*. — Thirty  to  s©  c.c.  of  (tcshly  drawn  blood  are  nii«ed  with  g  or  10 
wtuoxs  of  05  per  cent  alcohol  to  precipitate  the  proteins.  The  volume  of  the 
iwoMilood  mixture  must  be  known,  but  in  case  it  is  not  convenient  to  use  a 
iniuied  cylinder  for  the  mixture,  its  volume  can  be  taken  as  the  sum  of  the 
rahiines  of  the  akobol  and  blood  without  rssmlially  affecting  the  results.  The 
iIoM  and  blood  ar«  thoroughly  mixed,  the  vessel  containing  them  is  dosed  and 

Vo*  Sfyke  tad  Meytr:  Jeur.  Bid.  Cktm.,  ri,  399,  igii. 
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34  houra  are  allowed  for  precipitation  of  the  proteins  to  become  complete, 
solution  is  filtered  through  a  dry  folded  filter  into  a  measuring  cylinder  wi 
washing  the  precipitate.  The  volume  of  filtrate  is  noted  and  is  taken  for  aai 
as  an  aliquot  part  of  the  total  blood-alcohol  mixture.  The  filtrate  is  then 
centrated  to  a  volume  of  3-5  c.c.  and  used  for  determination  of  amino  nitrofi 
the  Van  Slylce  nitrous  acid  method  (see  Chapter  IV  on  Proteins).  The  qm 
few  drops  of  caprylic  alcohol  to  prevent  foaming  is  advisable. 

(b)  Method  of  Constantino.* — This  is  based  on  the  fonnol  tiUation  proce 
One  hundred  c.c.  of  blood  or  serum  is  mixed  with  a  measured  (500  c.c.)  volumi 
per  cent  mercuric  chloride  solution  containing  0.8  per  cent  hydrochloric  add. 
mixture  is  shaken  vigorously  in  a  stoppered  flask  and  allowed  to  stand  a  few  li 
Centrifugate  for  10  minutes,  pour  the  supernatant  liquid  through  a  dryfilteri 
graduated  cylinder.  An  aliquot  of  the  filtrate  is  taken,  the  mercury  is  rem 
with  hydrogen  sulphide  and  the  latter  by  a  current  of  air.  The  liquid  is  ei 
neutralized  and  concentrated  on  the  water-bath,  or  better,  at  50°  in  a  tbc 
MgO  added,  and  the  mixture  distilled  in  a  vacuum  at  45°  to  get  rid  of  amin 
The  volume  should  now  be  about  30  c.c.  A  little  solid  barium  chloride  and  bi 
hydroxide  are  added  and  1.5  c.c.  of  0.5  per  cent  solution  of  phenolphUu 
Filter.  Neutralize  accurately  to  sensitive  litmus  paper.  Add  neutral  fon 
solution  and  titrate  with  N/s  NaOH  as  described  in  the  chapter  on  quantit 
analysis  of  urine  (page  304). 

6.  Ammonia. — Method  of  Folin  and  Denis. — The  determination  of  ammm 
blood  is  attended  with  considerable  difGculty  because  of  the  fact  that  it  is  i»< 
only  in  very  small  amounts,  and  to  the  fact  that  blood  very  readily  and  qu 
undergoes  changes  which  are  accompanied  by  the  formation  of  ammonia  fn» 
nitrogenous  compounds  present  in  the  fresh  blood. 

Of  the  methods  proposed  for  its  quantitative  estimation  that  of  Folin  and  D 
is  perhaps  least  unsatisfactory. 

Principle. — The  method  is  based  upon  the  liberation  of  the  ammonia  from, 
blood  by  aspiration  after  adding  sodium  carbonate  solution,  and  the  Neasleiin 
of  the  solution  into  which  the  ammonia  is  aspirated. 

Procedure. — Place  10  c.c.  of  systemic  blood  or  s  c.c.  of  portal  or  mesenteric  bl 
in  a  large  Jena  test-tube.  Add  3  or  3  c.c.  of  a  solution  composed  of  15  pa 
potassium  oxalate  and  10  per  cent  sodium  carbonate,  and  about  5  c.c  of  tofai 
Connect  the  tube  for  aspiration  as  in  the  method  for  urea  in  blood;  start  tb 
current,  and  run  as  fast  as  the  apparatus  will  stand  for  ao  to  30  minutes.  Co 
the  ammonia  in  another  test-tube  containing  i  c.c.  of  water  and  5  or  6  dMF 
tenth-normal  acid. 

At  the  end  of  the  aspiration  Nesslerize  in  the  usual  manner  (see  method  f(>> 
protein  nitrogen,  page  273)  but  more  cautiously,  adding  in  all  not  over  1  cc.  d 
previously  diluted  Nessler  reagent  (dilution  1:5).  Transfer  the  contentso' 
receiver  toa  10  c.c.  volumetric  flask,  fill  to  the  mark  with  ammonia^free  vatSi 
mix.  Fill  a  100  mm.  polariscope  tube  with  the  mixture  and  close  as  for  ordii 
polariscopic  work. 

Prepare  two  standard  solutions,  one  containing  0.5  mg.  and  the  other  i.o 

of  nitrogen,  these  being  Nesslerized  simultaneously  with  the  unknown  solutioD 

made  up  to  volume  (100  c.c).     Use  the  standard  possessing  a  tint  most  iimii< 

that  of  the  unknown.     Compare  in  a  Duboscq  colorimeter,  using  the  ot# 

'  Constantino:  Sioch.  ZcU.,  SS,  V9.  igi3- 
'Folia  and  Denis:  J.  Biol.  Chem.,  11,  si*,  i^\%- 
'The  blood  must  be  freshly  dravm.    Tot  nwVUoiol  a'\iWA'avii4\i\wA,w*\MP» 
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yUndcr  for  tbe  sUindxrd  and  replacing  the  other  cylinder  and  prixcn  by  the  polari- 
cope  tube,  contauUDj  the  unknown,  witich  usually  fits  properly  in  place  in  the 
storimetcr. 

The  unknown  solution  icmsins  sutionary  (100  mm.)  and  tli«  standard  is 
idjnMcd  until  tbe  colors  match.  An  iris  iliaphraKm,  auch  as  is  used  in  microscopical 
«atk,  must  be  attached  to  the  side  of  tbe  colorimeter  holding  the  standard  to  reduce 
the  tight  passing  through  the  standard  solution.  This  is  necessar)-  in  order  to 
obtain  two  fields  of  the  same  tint.  The  calculation  is  nude  in  tbe  usual  manner  lor 
tolnlnieirjc  determinations,  the  amount  of  ammonia  in  tbe  unknown  being  directly 
proportional  tu  the  reading  of  ihe  xtanii.-ird  anil  iti  concentration. 

J.  Total  njtrogWL — The  total  nitrogen  of  the  blood  may  be  readily  determined 

fetlle  regular  Ejeldahl  method  (see  Chapter  XXVI).  One  c.c.  of  the  blood  ac- 
uely  measured  is  used  in  this  method.  The  microcbemical  method  of  Folin 
ud  Farmer,  as  outlined  in  the  same  chapter,  may  also  be  employed.  In  this  case 
tnmfcr  i  c.c  of  the  well-mixed  blood  to  a  35  c.c.  flask,  make  10  the  mark  with 
iMlled  water,  mix  thoroughly  and  take  i  c.c  of  this  diluted  blood  for  the  digcstioa 
ud  determination  as  there  given. 

■  8.  Sugar,   (a)  Method  ofLewisandBenedict'— Principle.— Thered 
Hlor  obtained  by  heating  a  glucose  solution  with  picric  acid  and  sodium 
PSubonate  h  employed  as  tlie  basis  of  the  coloriinetric  detennination. 
Tbe  blood  protein  Is  removed  by  precipitation  with  picric  add. 

Procedure. — ^Two  cc  of  blood  are  aspirated  through  a  faypodermic  needle* 
udipieceof  rubber  tubing  into  an  Oslwald  pipette,  s  little  powdered  potassittm 
onllte  la  the  tip  of  tbe  pipette  preve:nting  clotting.  The  blood  is  drawn  up  n 
IK&  above  the  mark  and  the  end  of  the  pipett*  is  closed  with  the  finger.  After 
Ibt  nbber  tuUog  and  needle  are  discormected,  the  blood  ii  allowed  to  flow  back 
tsthe  n«rk  and  is  discharged  at  once  into  a  15  cc.  volumetric  flask  containing 
5  c-c  of  water.  The  contents  of  the  flask  are  shaken  to  insure  thorough  misliig 
•nd  the  consequent  hemolysis  of  the  blood.  Then  15  c.c.  of  saturated  aqueous 
lotion  of  picric  add  ar»  added,  as  well  as  a  drop  or  two  of  alcohol  to  dispel  anj 
iniil,aiMl  the  contents  of  the  flask  are  made  up  to  the  mark  with  water  and  then 
Aiken.  After  filliation  8  c.c.  atiquots  are  measured  out  into  large  Jena  Icst- 
tvbti  far  duplicate  determinations.  Two  C.c  of  saturated  picric  acid  solution  and 
OKIlj  I  cc.  of  10  per  cent  sodium  csrbonate  are  added  (as  well  as  two  glass 
b«di  and  3  or  3  drops  of  mineral  oil ) ,  and  the  contents  of  tbe  tube  are  evaporated 
ttUif  OTcr  a  direct  flame  tmtil  precipitation  occurs.  About  3  c.c.  of  water  are 
t^M,  flw  tnbe  is  again  healed  to  boiling  to  dissolve  the  precipitate,  the  contents 
(flbttnbe  are  transferred  quantitatively  to  a  10  c.c  volumetric  flask,*  cooled, 
■ud*  up  to  the  mark,  shaken,  and  then  filtered  through  cotton  into  the  chamber 
('sDaboscq  colorimeter  (see  Fig.  153,  p.  4S6).  The  color  is  compared  atoocc 
■ilh  diat  obtained  from  0.64  mg.  of  glucose,  5  cc  cf  saturated  picric  acid,  and  i 
'^  of  19  per  ceat  sodium  carbonate,  when  evaporated  to  precipitatioa  ovei  a  free 

'Uwit  and  Benedict:  Jour.  Bi«!.  CMtm.,  30,  61,  1915.    Foe  modification  Me  Myct* 
•wjlt3r:JM».  aw.  C*«.,  »4.  "47,  '9^^- 
'It  may  be  nxire  convenlcat  to  draw  about  5  ex.  o(  blood  directly  Into  a  tot-tnbe 
I    (Mblniitg  a  tittle  finely  powdered  potassium  oxalate  and  removing  a  c.c  portiMw  of  this 
»ui  Uit  Oitnild  pipette. 

U  OM  of  hvptr8]>^ctnla  (he  final  volume  of  the  reaction  fiuii^  ia  maOa  t^  *;A.  m  ^ 
"v  »aJ  rt*  nmiJit  an  Mxcidiogly  multipJicd  by  t.%  or  5.0. 
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flune  and  diluted  to  lo  c.c.  as  was  the  unknown,  or  against  the  picmnicidd 
standard  mentiooed  below.^ 

Calculation. — U  directions  are  followed  exactlf  the  calctUation  is  as  foUmn: 
-,,„,  ,  ,  reading  of  standard ,,     .„,  . 

MUhgrams  gluooM  «i  unknown  =  ^^  of  unknown  ^  '"'««'«"  «* 

in  standard. 

(b?  Pearce's  ModiflcatioD  of  Lewis-Benedict  Method.*— Tliis  moii&aSn 
entails  the  use  of  an  autoclave  instead  of  the  free  flame  and  has  the  advanti|M 
of  decreasing  danger  of  loss  and  making  it  possible  to  can;  out  a  large  numbtc 
of  estimations  at  one  time.  Proceed  exactly  as  in  the  Lewis-Benedict,  batoii 
6  c.c.  of  the  the  picric  add  filtrate  instead  of  8  c.c.  and  isstsad  of  besting  orer Ibt 
free  flame  introduce  into  an  autoclave  for  15-30  minutes  at  about  10  poucdt 
pressure  to  the  sttuare  inch.  Compare  with  stjtndard  in  a  colorimeter.  Hit 
standard  recommended  by  Lewis  and  Benedict  may  be  diluted  ooe-foottfa  or 
allowed  for  by  calculation,  since  6  c.c.  of  filtrate  are  used  in  place  of  8  c.c 


I 


(c)  Micro-method  of  Bang.— Principle.-  Two  or  3  drops  o(  bl< 
are  transferred  to  a  small  weighed  piece  of  blotting  paper  and  ^t 
paper  again  weighed  to  determine  the  amount  of  blood.  'ITic  papn 
is  then  treated  nith  boiling  acidified  KCl  solution  whidi  coagulalti 
the  protein  and  allows  the  sugar  to  diffuse  out.  The  sugar  solution 
thus  obtained  ii  boiled  with  alkaline  cupric  chloride  solution,  Iht 
amount  of  cuprous  chloride  formed  by  the  reducing  action  of  the 
sugar  is  determined  by  titration  with  standard  iodine  solution.       H 

Pvocedure. — Small  pieces  of  good  absorbent  paper,  atwut  16X38  mo.  in 
sbe,' weighing  about  100  mg.  and  held  by  a  smaU  spring  clip,  are  used.  To  one 
of  these  previously  weighed*  transfer  2-3  drops  (about  lao  mg.)  of  blood  obtaiari 
by  piercing  the  cleansed  finger.  Weigh  again  immediately  and  determine  b; 
subtractioD  the  weight  of  blood  takes. 

*  FtmMHttii  standard. — Amlutionof  picramic  addnultesa  vcn-MturfaciofTpc 
Uandard,  llic  t-olor  is  i<l«ntic&l  En  quality  with  that  forrnol  In  tbc  mcihod  ahov 
BolutiiNi  keeps  pcrfKtIy.     The  (onnula  uf  llie  pvrmaneut  itantUrd  is: 

Picramic  acid  0.064  P*"! 

Sodium  cBihunato  (anhydrout)  o.  too  mm 

Water  to  moke  tooo.o     c.c 

Diswlvc  thf  picr»mie  iicid  with  the  aid  of  heat  in  1$  to  to  c.c.  of  distilled  »»t*r' 
hiu  bFFii  elide  dk;iliiic  nilh  wdium  curlxinate.  Cool  anil  dilute  to  i  lilcr.  Tbii  (M*^ 
lion  ha*  the  umc  inlcnuty  of  color  &*  that  obtained  by  the  proposed  method  oicli  0-^ 
ni^  of  ftUK&t  wbco  the  6aal  vol<ame  of  the  reaction  fluid  ii  made  10  ex.  The  tolutton  tbovl 
be  ilandardixtd  against  pure  glucose.  _  ji. 

A  uttitActory  preparation  of  picramic  add  may  be  obl^t»ed  (rem  the  J.  T.  Ifl 
Chemical  Co..  Phillip&urK,  N.  J.  .  V 

'Ptarce:  Jour,  oiitl.  CJHm.,f3.  $'$•  '0<5-  ^ 

*  Suitable  piecei  of  paper,  weighed,  ready  for  use,  and  irith  dip  attached,  may  be  o' 
laintd  from  WaRDbrunn  and  Qullltt,  Berlin.  A  suitable  paper  may  ml»a  be  obtained  (fo* 
GriSin  und  Suiu,  London,  or  Grsv«  of  Stockholm.  Unlcia  specially  prtpartd, ihe  (W* 
(hnuld  be  icpeaicdly  washed  with  large  volumn  i>f  hot  water  sddified  with  acetic  acta  ' 
remove  impurilirs. 

'  The  wdKhlnK  is  preferably  made  on  a  special  totnon  nucro-btlancc  wbidi.aswdl  ' 
the  other  apporatus  used  in  thiimetiiixl,  may  be  obtained  from  either  o(  the  firms  i«ati«>* 
Id  Note  j.  Tlie  wrighing  mu(,t  be  mndc  in  a  few  seconds  and  with  an  accuracy,  of  iln*' 
f  mg. 
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Coagulation  of  Blood  Protein. — ^Transfer  the  piece  of  paper  to  a  test-tube  and 

add  6.S  c.c.  of  boUing  acid -potassium  chloride  Holution'  and  let  stand  hall  an  hour. 

The  dear  solution  contnining  the  sugnr  is  poured  into  a  50  c.c.  Jena  Aask  tb* 

ftange  of  which  has  been  removed.     Wash  the  paper  and  tube  again  with  6.5  cc 

ot  bo(  salt  solution  and  transfer  washings  to  the  flatk.    Cool. 

Kednction  of  Cupric  Chloride.— ^Attach  to  the  mouth  of  the  flask  a  piec«  of 
ligbi-fittiag  rubber  tubing  about  2  inches  long  (see  Hg.  81),  provided  with  ■ 
ciimp  which  permits  of  shutting  off  the  contents  of  the  flask  from  the  outside  air. 
Sirw  add  to  the  flask  i  c.c.  of  the  cupric  chloride  solution.'  Heat  so  that  the 
nlntion  ia  brought  to  a  boil  in  one  minute  and  30  seconds  (an  error  of  five  seconds 
nif  be  disregarded).  Allow  to  boil  for  exactly  two  minutes;  at  the  end  of  this 
time  tighten  the  clamp  over  the  mouth  of  the  flask.  At  the 
umt  time  remove  from  the  flame  and  cool  at  once  under  the 
tipforabout  a  minute. 

Titration  of  Cuprous  Chloride  Formed. — The  titration  is 
mtde  with  N/'ioo  Iodine  solution'  run  In  from  a  very  accurate 
bunUe  (preferably  a  x  c.c.  burette  graduated  in  iy'50  c.c). 
t»  or  3  diofis  of  starch  solution  (preferably  soluble  starch*) 
m  added  ts  an  bdicator.  During  the  titration  air  roust  be 
udnded  to  prevent  re-oxidatioii.  This  is  done  by  running  a 
ilo*  stream  of  carbon  dioxide  from  a  generating  bottle  through 
t  snail  tube  which  extends  nearly  to  the  bottom  of  the  flask. 
Ttic  titration  should  be  carried  out  against  a  while  background 
nd  Che  end  point  taken  when  the  blue  color  persists  for  10-30 
SKaads. 

Cilcolation.— -The  copper  and  other  solutions  used  in  the 
Wt  bind  about  o.ia  c.c.  of  the  iodine  solution.     This  amount  must  hence  be 
^  lobtiacted  from  the  reading.     The  corrected  reading  is  then  divided  by  4  to 
V  Dbiain  Che  number  of  milligrams  of  glucose  in  the  sample. 

Eiample.^If  0.68  c.c.  of  N/300 1  solution  were  required,    '  -  ■•0.14 

H-  glucose  in  the  amount  of  blood  used.    If  140  mg.  of  blood  were  taken  tor 

KuijKB  Ibe  per  cent  of  glucose  in  the  blood  would  be         X0.14  mg.  ■=  o.i  per 

Wat  ghicose. 

Tht  results  obtained  by  this  method  are  a  little  higher  than  those  obtained 
^  other  reliable  methods  due  to  the  presence  of  certain  I-bindlog  substances  In 
tilood.  As  these  appear  to  be  nearly  constant  in  amount  a  correction  may  be 
'pplied.  To  obtain  true  values  for  glucose  of  the  blood  therefore  subtract 
''CIS  per  cent  from  the  value  obtained  as  above,  o.i  per  cent  —  0.015  P*'  <^nt 
-  0.085  pw  tent  ^ucose. 

'CMBiadoK  of  ittio  c.c.  of  satuntcd  KCI  to  which  is  added  640  c.c.  of  water  and  t.$ 
"■alls  pec  cent  UCL. 

'Copper  solution.  Introduce  into  a.  1000  <-c.  Ruk  700  c.c.  ol  boiled  and  cooled  wata. 
Jjrai  10  iboui  30'C.  aadadd  160  grams  ol  pure  pouiwium  bicarbonate  in  powder  (onn. 
*«B4inclved  add  66  grains  oi  pure  KCI.  Cool  and  then  add  too  Krnmi  potauiuoi  car> 
jmu.  Fiaally  add  >oo  c.c.  oi  4.4  per  cent  solution  of  pure  crysl&UIac  coppir  nulpbato. 
^  kuh]  a  short  time,  then  make  to  mark  with  boiled  wster.  Allow  to  stand  a  day  01  to 
Wa,  Bring. 

"N/joo  I  Mlution,  nude  fiesh  each  day.  Dilute  N/io  I  aolution  )0  times,  or 
"^  u  follows:  Introduce  into  a  100  c.c.  flask  a  urams  Kl,  i-j  c.c.  ol  1  uct  ciiv*.  VaO^ 
"■"iwo  and  j  c.c.  o(  N/io  HCI.    Mate  to  mark  with  boiled  and  cooVd  *iwC«ic4  -wiXKi. 

'A  'per  cent  lolaiioD  of  Kahlhtuui'i  »olab\e  starch  in  a  salurfcled  ¥.C\  stAvivSoft. 


Fio.  81.— 
Banc  lUDtre- 
TiON  Flask. 
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To  secure  accurate  results  the  method  of  Bang  must  be  rigidly  con- 
trolled, all  new  solutions  and  absorbent  papers  bang  checked  vf 
against  pure  0.2  per  cent  glucose  solutions.  Taylor  and  Hultmi' 
also  suggest  the  following  precautions.  A  blank  dieck  must  be  nude 
on  the  reagents  each  day  an' estimation  is  made.  0.10-0.15  gram  of 
blood  should  be  taken  and  must  spread  smoothly  on  the  paper.  Tbt 
proteins  are  best  coagulated  by  heating  of  the  blood-impregnited 
papers  in  the  hot  air  oven  at  100°  (as  recommended  by  Gardner  tud 
McLean)'  for  five  minutes  with  corks  of  flasks  inverted.  The  sob- 
tion  should  be  boiled  four  minutes  for  complete  reduction.  Hie 
iodine  solution  must  be  fresh  each  day  and  checked  eadi  day.  Deta- 
minations  should  be  made  in  triplicate.  Results  cannot  be  depended 
upon  to  be  more  accurate  than  to  0.005  S^aiQ  glucose  in  100  c.c.  blood. 
Other  authors  have  recommended  that  an  hour  instead  of  half  an  hoot 
be  allowed  for  the  diffusion  of  the  blood  sugar,  the  fluid  being  brou^t 
to  the  boiling-point  twice  during  this  period  or  kept  in  a  bath  at  4o°C 

HediDdofBpstciiL' — ^Principle. — This  method  is  a  modification  ofthtUm 
and  Benedict  procedure,  being  based  on  the  same  principle  but  making  posnUetb 
determination  of  reducing  sugar  in  finger  blood  (o.i-o.a  c.c.)  vith  a  suffidtnt 
degree  of  accuracy  for  clinical  purposes,  and  with  little  ezp^dituie  of  time.  In- 
stead of  3  Duboscq  colorimeter  the  less  expensive  Sahli-Govet  hemoglobin  color- 
imeter is  recommended. 

Procedure.— The  apparatus*  shown  in  the  illustration  (Fig.  83)  and  the  fol- 
lowing reagents  are  necessary: 

1.  Picric  acid,  saturated  solution. 

2.  Sodium  carbonate,  10  per  cent  solution. 

3.  Sodium  fluorid  or  potassium  oxalate,  2  per  cent  solution. 

Put  one  or  two  drops  of  the  fluorid  or  oxalate  solution  into  the  graduated  tcK- 
tube  (see  illustration).  By  means  of  the  blood  pipette,  3,  o.j  C.C  of  blood  > 
obtained  from  the  tip  of  the  finger  or  the  lobe  of  the  ear  and  is  discharged  into  tbc 
tube  containing  the  fluorid  solution.  The  pipette  is  rinsed  two  or  three  timet 
with  distilled  water  and  the  washings  added  to  the  blood  in  the  tube.  DistiM 
water  is  then  added  to  the  i.o  c.c.  mark.  Alter  lalung  of  the  blood  has  takes pIWi 
picric  acid  is  added  to  this  (a  few  drops  at  a  time)  up  to  the  a-s  c.c  mark,  shilJW 
the  tube  gently  with  each  addition  of  the  acid.  Precipitation  of  the  blood-^tBii* 
takes  place;  the  sugar,  together  with  an  excess  of  picric  add  sufficient  for  the 

'Taylor  aod  Hulton:  Jour.  Biol,  Chevt.,  22,  63,  11)15. 

'Gardner  and  McLean:  Biochem.  J.,  8,  391,  1914. 

*  Epstein;  J.  Am.  Mtd.  Assn.,  6j,  1667,  1914.  ^ 

'  The  tubes  belonging  to  this  hemogiobinometer  are  not  all  equally  calibrated.  ^1V 
some  the  5°  per  cent  mark  represents  a  volume  of  i.o  c.c;  with  others,  i.o  c.c  of  fioW 
reaches  up  to  the  43,  45.  46  01  47  per  cent  mark.  The  error  in  the  calibration  is  geW^J 
below  the  10  per  cent  mark;  the  graduations  above  this  mark  are  usually  coiT(ct^^7 
means  of  the  standard  1.0  c.c.  pipette  one  can  readily  determine  whether  or  not  a  (W*^ 
tube  is  properly  calibrated.  In  order  to  facilitate  a  direct  reading  o(  the  P*"*^^*! 
of  sugar  on  these  hemoglobinometer  tubes,  it  is  essential  to  have  t.o  c.c  of  fluid  sUbb*^ 
mark  50.  To  overcome  a  discrepancy  (if  any  e.tists)  in  the  calibration  of  a  given  Bui*" 
one  may  pal  one,  two  or  three  small  filass  beads  in  the  bottom  of  the  lube,  of  suti  "^ 
as  to  raise  the  meniscus  of  1.0  C.C  of  fluid  up  Va  ^ile  yipct  twAuiM't. 


a,  stays  in  solution.  Tbc  tube  is  finslly  gfaalccn  vigorously  (covering  tbe 
the  tube  with  the  finger)  and  the  contents  filtered  through  a  snioll  tiller,  or, 
still,  centiUuged  (or  one  or  tira  minutes, 
cc.  of  tbe  filtrate  or  the  clear  Bupenutaat  fluid  obt&tned  on  centrifugal- 
is  ft'ithtlmwD,  put  into  ihe  plain  im-tube,  ami  hcatcii  carefully  over  the 
iUiae.  The  contents  of  the  tube  ore  boUcd  until  all  but  i  or  3  drops  of  the 
n  is  evaporated.  One-half  cc.  uf  the  le  per  cent  sodtum  carbonate  solution 
added  and  the  tube  heated  again  until  the  contents  are  concentrated  to 
volume  equal  to  about  1  or  j  drops.  The  color  of  tlie  Suid  changes  from 
to  deep  red  or  rcddiih  brown  and  tfae  reaction  is  completed. 
ne  or  4  drops  of  distilled  water  are  added  and  tbe  tube  warmed  gently.  The 
ts  are  then  transferred  to  the  graduated  tube  of  the  hemoglobinometcr. 
tiling  tube  is  rinsed  several  times  with  water  (u^og  only  j  or  4  drops  at  a 
The  tube  is  warmed  with  each  rinsing  before  transferring  the  contents  to 
iduated  tube.    Tbc  volume  of  fluid  b  then  made  up  to  the  mark  50  on  the 
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!  color  of  the  resulting  solution  is  compared  with  that  of  the  two  standard 
A  und  H  which  accompany  the  instrument.     (A  solution  of  picramlc  add 

proper  strength,  prepared  as  described  on  p.  180,  may  be  used  as  a  standard.) 
darker  than  standard  A  (representing  0.05  per  cent  of  sugar)  and  lighter 

tandard  B  (representing  o.i  per  cent),  the  first  standard  i>  used  for  com- 

i.  In  dtber  C»»e  the  solution  in  the  graduated  tube  ia  diluted  gradually 
'ater  0*>at  as  U  unually  done  in  hemoglobin  estimations)  until  the  colon 

EG  percentage  of  sugar  in  tbe  blood  la  then  computed  thus:  Using  the  lifter 
ud  A  tbe  figure  00  the  scale,  divided  by  1000  represents  the  percentage  of 
in  the  blood.    For  example,  the  tube  reads  i6;  then  the  result  is 

S6 


ICOO 


•■o.oSd  per  cent 


Standard  B  is  used  for  comparison,  the  figure  on  the  scale  it  multiplied 
lad  divided  by  tooo.  For  example,  the  tube  reads  73;  then  the  percentage 
itU 

73Xa  . 

•ai4D  per  cent 


1000 
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Willi  the  ioslructiOD*  given,  the  nbovc  formuiu  may  be  uxed  for  direct  ooa- 
puutton  of  the  poroeDUge  of  sugar  ODly,  when  0.1  cc.  of  Mood  b  used  in  At 
detenni nation.  When,  bowever,  only  0.1  cc  of  blood  il  used,  the  formnlw  ipftj 
as  well,  but  the  value  obtained  must  be  multiplied  by  >. 

It  U  belter,  in  cos^s  in  which  a  high  lugar  content  in  the  blooil  U  suspected  fa 
diabetes  for  ciumplc)  to  use  only  o.t  cc  of  blood  for  the  determination,  bd 
otbef  cases  0.1  cc  of  Uood  shouJd  be  used. 

8.  Ac«t«ne  Bodies'  (Acetone,  Diacetic  Acid  and  A-Hydrozybutyric  Add).— 
Harriott-Scott- Wilson  Method.*— (a)  Acetone  and  Diacetic  Acid.  -  Draw  to  ct. 
of  blood  from  a  superficial  vein  by  a  atuile  graduated  syringe  and  run  it  into  tboit 
40  cc  of  0.5  per  cent  potassium  oxalate  solution.  Fit  up  a  Kjoldahl  distiflste 
apparatus  using  an  800  cc  flask,  provided  with  a  dropping  funnel,  the  it^ttq 
tube  of  the  condenser  dipping  beneath  the  suifaoe  of  the  water  in  a  reovriBf 
fiask.  Introduce  into  the  Ejcldahl  flasic  100  CC  of  water  and  t  CC  of  gbtilt 
acetic  add.  Bring  the  acidified  water  to  a  boil  and  then  run  the  dihited  Usod 
in  slowly  througji  the  dropping  funneL 

Boil  for  30  minutes  after  the  last  blood  is  run  in.*  To  the  distillate  add  a  Unii 
dilute  sulphuric  add  and  redisdi.  To  this  distillata  add  30  cc  of  hjdnfo 
peroxide  solution  and  a  slight  excess  of  alkali  and  redlnU  again.  The  final  A- 
tiUate  is  cau^t  in  small  Erienmeyer  flasks  containing  an  excess  of  Qie  SesB- 
WDson  "acetone  reagent"  which  has  been  recently  altered.'  The  deliveiytaiN 
mast  dip  tuider  the  surface  of  the  liquid.  It  ia  not  nececsaiy  to  distil  moie  tiae 
10  minotes  to  get  off  all  the  acetone.  Allow  to  stand  for  10-15  minutes.  FStKt 
tiirough  an  asbestos  mat'  in  a  separable  bottom  Gooch  crucible.  Clear  flltnU) 
are  more  readily  obtained  if  the  pores  of  the  filter  have  been  partly  closed  bj 
fUtering  tlirough  il  a  suspension  of  talcum  powder  in  water.  If  the  first  portioM 
of  the  filtrate  are  turbid,  refilter.  Wash  the  precipitate  with  cold  water  md! 
the  washings  are  free  from  silver. 

With  the  aid  of  a  pointed  hooked  glass  rod  transfer  the  precipitate,  mat  and 
crucible  bottom  to  a  50  cc.  beaker,  any  adhering  particles  of  precipitate  beiai 
washed  into  the  beaker  with  the  aid  of  about  10  cc.  of  "acid  mixture."'  Add 
I  CC  of  N/5  potassium  permanganate,  cover  the  beaker  with  a  watch  ^sssail 
boil  tmttl  the  liquid  is  colorless.  Add  more  permanganate,  a  few  drops  at  a  tilU^ 
until  a  persistent  brown  color  is  obtained  which  docs  not  disappeAron  boiUoglctS 
couple  of  minutes.  The  brown  color  is  then  discharged  by  the  addition  of  a  fw 
drops  of  strong  yellow  nitric  acid.  The  greater  the  amount  of  ac«tone  presinf 
die  more  permanganate  is  required,  and  it  is  essential  to  the  accuracy  of  As 
method  that  an  excess  be  added  as  indicated  above,  otherwise  the  results  1* 
too  low. 

Cool  the  beaker  under  the  tap,  add  i  cc  of  saturated  ferric  altun  sobtioo, 

I  Fac  Dephclomcliir  mfihotl  wc  ]>.  ai>4. 
'  Scott- Wiboo:  Jotir.  ef  Pkyiiot.,  41.  444>  >9H. 
Marriott:  Jottr.  Bial.  Ckem.,  t6.  295,  tgij. 

*  If  ,3-iUEybutyiic  add  is  (o  be  dclcrnnnrd  the  rciiduc  in  the  Kiddahl  doA  iheuli 
kep[  and  lieatcd  aa  outlined  in  the  lallcr  put  of  lhi»  procwlUiG. 

*  Tbc  reagent  U  made  up  as  follom:  Mercuric  cyanide,  10  grams:  sodium  bydrailK 
180  ffrsms;  walcr,  110a  cc.     Tbe  toIuUon  is  tgiliilrd  in  a  flask  and  400  cc  of  a  »T*^ 
per  cent  wlutjuii  of  silver  niuatc  alvwly  run  In.     Al  ]ca«t  ;|o  c.c.  of  the  reagent 
taken  far  each  mltligrim  of  acetone  present. 

'  Filter  pftpcr  cannot  he  U«cd  as  Ine  strou  alkali  quickly  atlack*  it. 

*  "Acid  mulute:"  Nitric  acid  40  pans;  sulphuric  add,  j  part*;  water  JS  P»f"- 
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nd  run  in  from  a  burette  a  sUndftrd  sohitioQ  of  potassium  sulphocyonale  (appcoxi- 
utetjo-i  p«f  c«nt)'  until  a  reij  faint  pinkish-brown  color  is  obtained  tfania(lMMit 
be  sohitioa.  The  end  point  which  consists  in  the  faintest  trace  of  color,  eaa  be 
totected  only  when  the  titratioD  is  peiformed  on  a  pure  white  suiface.  A  coo- 
sol  b«aker  with  i  drop  excess  of  sulphocraiute  should  be  on  hand  for  comparl- 
Mo.  A  whole  cubic  centimeter  of  sulpbocyanate  may  be  run  in  after  the  end 
point  b  reached  without  very  greatly  daikening  the  shade. 

Calculation.— By  this  procedure  acetone  prefoirned  and  ttota  djac«tic  add 

m  determined  together.    The  amount  of  acetone  and  diac«tic  acid  combined, 

b  tans  of  acetone,  may  then  be  calculated  by  multij^ying  the  number  of  cubic 

(ntawters  of  the  KSCH  solution  used  by  the  equivalent  of  t  cc.  of  ttus  solution 

is Mctooeu  determined  by  staadardiiation.'    To  obtain  the  amount  of  acetone 

nddiaccticacidiQ  loo  c.c  of  blood  the  restilt  must  of  course  be  multiplied  by  lO. 

(b)  Determination  of  ^-Hydrozybutyric  Add.— -The  residue  in  the  KJeldahl 

Ink  from  the  aboTc  detennination  is  tised  in  the  determination  of  ;t-hydfoxy- 

hn]rricacid.     WhilestQlbot,  precipitate  it  with  about  8  c.c.  of  lo  per  cent  sodium 

cubooate,  boil  a  moment,  filter  on  a  Biichner  funnel  and  wash  with  hot  water. 

To  the  dear  filtrate  add  15  c.c  of  basic  lead  acetate  (D.S.P.)and  10  c.c  of  strong 

■■nnin  and  make  to  definite  volume  (150  c.c.)  with  water.    Allow  the  predpi- 

I  Me  to  settle  and  then  filter  oR  on  a  dry,  folded  filter.    Take  an  aliquot  of  the 

[tinr filtrate  (about  135  cc.)  and  boil  it  to  expel  the  greater  part  of  the  ammonia. 

)  Ccot  and  add  dilute  sulphuric  acid  to  predpitate  the  excess  of  lead  as  sulphate 

ud  Ghcr.    Add  10  cc  of  50  per  cent  sulphuric  add  and  transfer  the  whole  to  a 

EjtMthl  flask  proTided  with  a  dropping  funnel.    The  contents  of  the  fiask  are 

dinUledand  a  solutioa  of  potassium  bichromate  is  run  in  from  the  dropping  funnel 

stMch  a  rate  that  the  liqnid  always  retains  some  yellow  color  and  the  volume 

nauios  at  about  100  cc.    Itisrarely  necessary  to  add  more  than  about  0.1  gram 

olbichtomate  and  an  excess  is  to  be  avoided.    Slow  distillation  is  continued  (or 

two  bouTS  and  about  100  c.c.  of  distillate  is  collected.    The  tip  of  the  delivery  tube 

mutlslways  remain  under  the  surface  of  the  water  in  the  receiving  flask.     Add 

10  ex.  of  hydrogen  peroxide,  make  slightly  alkaline  with  NaOH  and  distii  again. 

Cttch  Hie  distillate  in  small  Erlenmeyer  flasks  containing  an  excess  of  the  Scott- 

VIIho  acetone  reagent  iat  least  jo  c.c  for  each  milligram  of  acetone)  and  de- 

Mimiae  the  acetone  according  to  the  procedure  outlined  in  the  preceding  method 

1«  Intone  and  diacetic  acid.     Calculate  the  ji -hydroxy butyric  acid  in  terms  of 

UttoQE  and  expreas  as  milligrams  of  acetone  per  100  c.c.  of  blood. 


9.  Cholesterol.  Mtthod  of  Auknrifth  and  Funk.'— Principle. — 
The  blood  or  scrum  is  boiled  with  strong  alkali  to  saponify  the  fats. 
Tilt  alkaline  solution  is  exlracted  with  chloroform.  The  chloroform 
■*  Aied  and  clarified  by  means  of  anhydrous  sodium  sulphate  and 
•utalion  ant!  then  treated  with  sulphuric  acid  and  acetic  anhydride, 
**i  He  characteristic  color  reaction  of  the  Liebermann-Burchard  test 

.  'Tht  uilphocyanatc  Mlutlon  uliould  tie  slandaidiiod  aEa><"t  putt  ucelone  treated 
'the tuM  minner  »»  the  bnal  disliUate  nhove.  According  to  Scott- \Vil»on  it  may  iJio 
'•'Uodttilited  aHaind  ■  [lurc  solutimi  of  inrrrutic  nitrnlc  mi'i  thtoquivalcnl  o(  i  t-cof 
!"aSCN'M)uiii>n  in  mllllaiiims  uf  lludftermined.  According  to  tbii author  i  mi;,  of  Hjt 
"fCuitilcnt  to  0.058  mg.  of  acetone. 

Auunritth  attil  Funk:  hianck.  mrd.  Woek.,6a,  i»+).  'P'S-    A  slight  inodi6< 
wtMntusgmed  by  Bloor  (/our.  Biol.  Chtm.,  Jj,  jij,  iflts)- 
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for  cholesterol  obUioed.    The  color  is  compared  with  a  standard  in  i 
colorimeter. 

Procediue. — With  an  Accurate  pipette  transfer  3  c.c.  oi  wbole  blood  or  icna 
lo  a  lOO  cc  Erleamsjrer  flask,  and  add  30  c.c.  of  a  35  per  ceot  potassiam  hTdnaidi 
solutkMi.  Heat  on  the  water-bath  for  two  bours  shahing  frequently  and  addfl|i 
little  water  if  necessary  to  keep  from  going  to  drynesK.  Pour  the  vu^jtui 
mixture  into  a  scparatorj  fiuinel  and  add  35-30  C.C.  of  chlorofofBL  Shd» 
Tigorously  for  five  minutei  and  aeparate.  Shake  out  with  fooir  more  portrait  (f 
ao  cc.  each  of  chlorofonn.  The  combined  chloroform  extracts  are  turbid  tat 
of  a  green  or  brown  color  and  are  clarified  by  shaking  with  5-10  grams  of  tii^ 
dnvs  sodiom  sulphat*  and  filtering.  Diluta  tfatfilttale  to  too  c.c.  with  cUonifniD. 
Transfer  5  cc.  of  this  extract  to  a  smaU  glaas-stopfieied  bottle  of  about  to  u. 
capacity,  add  ICC  of  acetic  anhydride  and  o.t  cc.  of  concentrated  sulphuric  uU 
and  shake.  I^ce  in  a  water-bath  at  ji-jsX.  and  keep  In  the  dark  15  auBOm. 
A  green  color  is  developed.  At  the  same  lime  a  series  of  standards  are  fnpsnd 
and  treated  in  the  same  manner.  The  color  of  the  test  is  compared  with  tttl 
of  the  most  similar  Etandord  in  a  colorimeter  Isee  Fig.  153,  p.  486)  and  its  cokr 
strength  detemiined. 

Five  standards  are  kept,  these  being  prepared  by  dissolving  in  too  cc  ;■• 
tiona  of  chloroform :(i)  3.1;  (3)4.8;  (3)  6.4;  (4)  6.0;  (5)  9.6  mg.,  respecting <f 
pure  choIesteroL  In  pnfAling  the  standards  foe  ""P""""  5  C.C.  portieaCt' 
each  of  the  above  sohlllons  are  taken,  plac«d  in  small  gUsa-^toppered  bolte 
and  treated  as  were  the  unknowns.  Each  standard  then  represents  a  codnb- 
tration  of:  160  mg.;  340  mg.;  310  tag.;  400  mg.;  and  480  mf.  respectlTclTtf 
cholesterol  in  100  cc.  of  the  original  blood  or  serum. 

10  CUoridea. — Method  oj  Uci-ean  and  Van  .Slyie.^ — 'lite  determintliM  if 
qtiirts  two  steps:    (i)  removal  of  proteins  and  (a)  titration  of  chlorides. 

CaagutalifiH  of  Prateitu. — Removal  of  the  proteins  may  be  accomplished  m  W 
ways,  by  coagulation  or  by  ignition.  Results  are  ideniicttl  by  both  mctbodi.bG( 
coagulation  is  the  simpler.  For  coagulation  3  cc  of  ox&iatcd  plasma  (i  cc.  lur 
be  used  if  mnteriai  is  limited)  are  dniwn  into  a  3  c.c.  pipette  which  has  beta  at 
brstcd  to  contain  3  ±  0.005  c-<:-  f">'^  the  pipette  the  plasma  is  runintoaiocc 
stoppered  %-olumetric  flaslc  which  contains  10  cc.  of  a  10  per  cent  magnenUDS^ 
phatc  BolutioD.  The  inpettc  is  rinsed  twice  by  drawing  up  into  it  the  solulioD  fn> 
the  flask.  Two  drops  of  50  per  cent  acetic  add  are  added,  the  flask  isfilkdiotl* 
mark  with  water,  the  contents  arc  mixed  by  inverting  the  dosk,  and  heated  is* 
bath  to  100°  for  ten  minutes.  By  keeping  the  stopper  loosely  in  place  cvspontic" 
(a  prevented,  and  when  cool  the  contents  return  to  their  original  valuaic.  T(s 
minutes  on  the  steam  bath  ace  suffideat  to  coagulate  the  albumin  and  to  dbliiM) 
the  chlortdes  evenly  between  the  fluid  and  predpitaied  albumin.  The  flack  it  ti«s 
allowed  to  cool,  and  the  contents  arc  poured  upon  about  03  grnm  of  Wood ^■'' 
coal*  in  a  small  beaker,  and  mixed.  After  a  few  minutes  the  bqukl  is  Alt''*' 
through  a  dry  folded  filter,  and  a  water-clear  filtrate  obtained. 

Titration  of  (4«  Protein-fret  PUfrale.—la  brief,  the  diloridts  are  pri^dpitStH  * 
the  presence  of  nitric  acid  by  alandar^l  silver  nilialc  lolulion,  the  !itl\-er  chJoddc  ■> 
removed  by  filtration,  and  the  cxcrM  silver  titrated  with  standard  peUtf" 

'  McLrun  and  Van  Slyke:/«*ir.  Bkl.  Chtn,,  »i,  361,  1915-  .   ^ 

'  Merck '(  "Blood  Charcoal  Rcsfcni,"  puiiAed  by  acid  and  frccfrom  chloride,  it  (i"^ 
S'o  oibtT  form  of  charcoal  Has  been  lound  lo  ^ic  ot  wmvct- 


ii 
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!.*  Tbe  titration  is  perfonned  in  the  presence  of  nitrous  add  and  starch,  so 
Lhe  first  drop  of  iodide  in  excess  of  the  silver  present  is  changed  to  free  iodine 
^ya  the  blue  st&rch-iodine  color.  The  optimum  addity  for  the  end  point  is 
by  the  addition  of  triaodium  dtrate  in  amount  equivalent  (H  mot.)  to  tbe 
nitric  add  present.  Under  these  conditions  i  drop  of  excess  N/50  iodide 
t  odor  preceptible  in  150  cc  of  solution. 

I  detail,  the  titration  of  the  protein-free  plasma  £Itiate  is  carried  out  as 
n:  Either  ro  c.c.  of  tbe  filtrate,  containing  tbe  cblorides  of  i  c.c.  of  plasma, 
■ken  in  a  pipette  for  titration  or  the  filtrate  is  collected  directly  in  a  certified 
c.  graduated  cinder,  -where  it  is  measured,  so  that  the  entire  amount  may 
ken  for  titration.  In  this  way  13  to  14  c.c.  of  filtrate,  corresponding  to  1.3 
I  cc  of  plasma,  may  be  obtained  for  titration. 

her  dther  measuring  10  c.c  of  the  filtrate  into  a  25  c.c.  volumetric  flask  or 
ding  the  amount  of  filtrate  obtained  in  the  cylinder,  5  c.c.  of  the  addified 
^15  silver  nitrate  solution  (Solution  1}  are  added,  and  tbe  whole  is  made  to  tbe 
:.  mark  with  water.  This  will  predpitate  up  to  10  mg.  of  NaCl.  In  samples 
hi^  percentage  of  chloride,  only  enough  filtrate  is  taken  to  keep  within  this 
of  10  mg.  Two  drops  of  octyl  (caprylic)  alcohol  are  added,  and'the  vessd  is 
Mitd  and  shaken  gently  by  inverting  it  several  times.  Immediate  coagulation 
calveT  chloride  occurs.  After  allowing  five  mi;iutes  for  complete  predpitation 
CUT,  tbe  solution  is  filtered  through  a  dry  folded  filter,  and  a  perfectly  dear  and 
Itts  filtrate  again  obtained,  An  aliquot  part  of  the  filtrate  (30  c.c.)  is  now 
1  «ith  a  pipette  for  titration. 

mt  before  titration  with  tbe  potassium  iodide  solution  (Solution  II)  one  adds 
iume  of  the  dtrate  solution  (Solution  III)  equal  to  tbe  volume  of  Solution  I 
sented  in  the  filtrate  to  be  titrated.  If,  as  is  usually  tbe  case,  one  has  used 
.  of  Solution  I  diluted  to  35  c.c,  and  taken  jo  c.c.  of  tbe  filtrate  for  titration 
lis  the  equivalent  of  4  c.c.  of  Solution  1  present,  and  must  accordingly  add 

rhe  following  solutions  are  required; 
An  add  lf/19.25  solution  of  silver  mtrale,  i  c.c.  of  n'hich  is  equivalent  to  2  mg.  of 

AgNOi- 5.811  grams 

HNOt  (sp.  gr.  1.43} 250  c.c. 

Water  to 1000    ■     c.c. 

.  A  solution  of  Jf/58.5  potassium  iodide,  i  c.c.  of  which  is  equivalent  to  1  mg.  of 

EI. 3.0      grams 

Water  to 1000         c.c. 

bb  solutJoD  is  standardized  against  the  silver  solution  by  adding  5  c.c.  of  the  latter 
-&  of  Solution  III,  and  titrating  nith  the  iodide  solution  to  the  biuc  end-point.  The 
e  solution  is  then  diluted  to  such  a  degree  that  10  c.c.  are  exactly  equivalent  to  5  c.c, 
t  dver  solution. 

3.  A  solution,  for  use  in  the  final  titration,  conlaininf;  sodium  citrate,  sodium  nilrate, 
*»rdi,  which  substances  respectively  regulate  the  acidity,  provide  an  oxidizing  agent 
^iodide,  and  serve  as  indicator. 

Sodium  citrate  (NsiCiHiOt+s  i,';H-0,i 446  grams 

Sodium  nitrite 30  irrnms 

Soluble  starch 2.5  K^ni* 

Water  to 1000  cc. 

lUich  is  first  dissolved  with  the  aid  oi  hcut  in  about  500  c.c.  of  water.  Tlie  citrate 
^tiite  are  then  added,  and  the  mixture  k  heated  until  all  is  dissolved,  I'he  solution, 
!  ttiD  hot  is  filtered  through  cotton,  the  filter  washed  ivith  liot  water,  the  filtrate 
tdf]  cool,  and  made  up  to  looo  c.c,  I'iltralion  rcmuvcs  insoluble  substances  occur- 
tUefly  in  the  nitrite,  and  cotton  filter?  more  ranidly  than  fdtct  paper.  TVve  ^m.\\c«i 
ibtdefinjtely.     It  becomes  chmly  on  slandiiiL'.  out  it*  eflicatv  U  ni><.™pirtti. 
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4  cc  of  Solution  in.  On  adding  Solution  III  a  ^ight  turbidity  appears,  iriiid  ■ 
no  way  interferes  with  the  end  point. 

The  potassium  iodide  solution  is  then  run  in  from  a  burette  undl  the  UbcoI 
point  appears.  The  first  definite  blue  color  is  taken  as  the  end  point,  and  «tt 
alight  practice  is  unmistakable.  An  additional  drop,  which  may  be  used  «Ba  ooBtat^ 
causes  such  a  deep  blue  color  that  it  is  impossible  to  make  an  enor  of  more  thuw 
drop  in  titration.  Should  the  end  point  be  accidentally  passed,  one  may  add  i  u 
of  Solution  I,  I  cc.  of  Solution  III  and  retitrate,  allowing  in  the  calcnlatimfcTtll 
extra  silver  nitrate. 

The  result  may  be  calculated  from  the  following  fonnula,  which  ^iplitt  aif 
vrhen  ao  cc.  of  the  filtrate  from  silver  chloride  are  titrated: 

„  „,        „           la.s  (8  —  cc  KI  a^ution  used) 
Grams  NaCl  per  hter c.c  blood  filtrate  taken       ' 

Thus,  if  13  cc.  of  filtrate  are  obtained  and  titrated  after  precipitatton  of  pluni 
protein,  and  1.60  cc  of  KI  are  used  in  the  final  titration. 

Grams  NaCl  per  Uter  =  "S'?  T_' ■''?)  ^  g  j^ 

In  case  only  i  cc  of  plasma  instead  of  3  cc.  has  been  used,  the  factor  »$  nfiiat 
13.5  in  the  numerator.     The  error  should  be  within  a  limit  of  i  per  cent.* 

II.  Total  Solids. — The  total  solids  of  the  blood  arc  most  readily  detenuoedbr 
using  a  type  of  weighing  bottle  differing  from  the  usual  form  merdy  in  luviii|i 
glass  loop  attached  to  the  under  side  of  the  stopper.*  A  block  of  filter  pipct  ii 
suspended  from  this  loop  by  means  of  a  small  wire  hook.  The  bottle  tod  SBtt 
block  are  dried  and  weighed.  From  a  small  pipette  0.3-0.6  gram  of  the  wdl-mal 
blood  is  allowed  to  flow  rapidly  upon  the  filter  blodc  Tbt  stopper  is  qidddf 
inserted  and  the  bottle  weighed.  The  stopper  is  then  tilted  and  the  bottle  pluri 
in  the  drying  oven  at  105°  over  night.  When  convenient  the  bottle  is  coded  ud 
again  weighed.     The  total  solids  are  calculated  from  the  loss  of  moisture. 

13.  Relative  Hydrogen  Ion  Concentration  of  tiie  Blood.    UttU 

of  Levy,  Rownlree,  and  Marriott* — Principle. — The  blood  ts  dialjnBl 
against  normal  salt  solution  and  the  H  ion  concentration  of  the  proton- 
free  dialyzate  is  determined  by  the  indicator  method,  using  phaHl- 
sulphoneph  thalein. 

Procedure. — One  to  3  cc.  of  clear  serum  or  of  blood  la  nm,b7iiiamri> 
blunt-pointed  pipette,  into  a  dialyzing  uc*  which  has  been  washed  otdridttf' 

^Tbe  exactness  of  the  method  depends  directly  on  the  care  with  which  meaMuuiffH 
are  made  and  on  the  purity  of  the  reagents  used.  All  reagents  must,  of  confte,  bcEM 
from  substances  precipitated  by  silver,  and  are  easily  tested.  As  the  volumei  taoKO^ 
are  not  Urge,  however,  small  absolute  errors  in  measurement  may  cause  con^dmwj 
percentage  error  in  the  final  result.  All  glassware  must  therefore  be  carefully  caEM'' 
by  cither  the  weight  of  water  contained  (flasks,  cylinders,  3  cc.  pipettes)  or  the  *ev^l*' 
livered  (other  pipettes,  burettes),  and  burettes  should  be  used  which  are  c^mUc  «  M( 
read  to  0.03  cc.  and  which  deliver  small  drops.  If  these  precautions  are  folknnd,  OM 
should  uniformly  obtain  results,  which  are  wdl  within  a  limit  of  error  of  i  per  cent    , 

'Iiryers  and  Fine:  "Chemical  Composition  of  the  Blood  in  Health  and  IAhK 
1915.     The  weighing  bottles  may  be  obtained  from  Eimer  and  Amend,  N.  Y. 

'Levy,  Rowntrec  and  Marriott,  Arch.  Int.  Med.,  16,  389,  igij.  , 

*  PreparatiPti  of  Sues. — One  ounce  of  celloidin  k  dissolved  in  500  cc  of  a  ndrtot  • 
equal  quantities  of  ether  and  ethyl  alcohol.    The  solids  swells  up  and  ditolves  witk* 
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le  with  salt  solutioiL'  Tbe  mc  is  lowered  into  a  small  test-tube  (looXio 
,  InaMe  measurements),  contoiniiif  3  c.c.  of  salt  solntioii,  until  the  fluid  on  the 
U*  of  tiie  sac  is  as  hig^  as  on  the  inside.  From  5-10  minutes  are  allowedfor 
rris.  Tbe  collodion  sac  is  removed  and  5  drops  of  the  indicator  (0.01  per 
Kdutian  of  phenolmiliAonephthalein)  are  thoroughly  mixed  with  the  dia^rzate. 
tube  is  then  compared  wiQi  &e  standards'  until  the  corresponding  color  is 
id,  irtiich  indicates  the  l^drogen  ion  concentration  present  in  the  dia^rzate. 
dingB  should  be  made  immediately  against  a  white  background.  Results 
eipressed  in  logarithmic  notation. 

Chalated  blood  from  normal  individuals  gives  a  dialyzate  with  a  Ph  varying 
1 7.4  to  7.6,  while  that  of  serum  ranges  from  7.6  to  7.8.  In  clinical  addosis  fig- 
I  from  7.55  to  7.3  have  been  noted  by  this  method  for  serum  and  for  ozalated 
A  fimn  7.3  to  7.1.  A  rise  in  &e  H  ion  concentration  of  the  blood  is  signiflcant 
nue  it  indicates  a  failure  on  &e  part  of  the  protective  mechanism  of  Qie  body 
tBserve  the  proper  reaction. 


itul  gentle  shakings,  in  4S  hours.  As  a  small  amount  of  brown  sediment  sepaiates 
at  £nt,  the  aolutfoa  should  stand  for  at  least  three  or  four  days,  after  which  the  clear 
niatant  solution  is  ready  for  use.  A  small  test-tube  (110  by  9  mm.,  inside  measuie- 
t)  is  filled  with  this  mixture,  inverted,  and  half  the  contents  poured  out.  The  tube  is 
\  righted,  and  the  collodiou  allowed  to  fill  the  tower  half  again.  A  second  time  it  ii 
tted  and  rotated  on  its  axis,  the  collodion  being  drained  off.  Care  must  be  taken  to 
tt  tbe  tube,  in  order  to  secure  a  uniform  thickness  throughout.  The  tube  is  clamped 
X  Inverted  position  and  allowed  to  stand  for  ten  minutes,  until  the  odor  of  ether  finally 
{Dcmn.  It  is  filled  five  or  six  times  with  cold  water,  or  it  is  allowed  to  soak  five  minutes 
Da  water.  A  knife  blade  is  run  around  the  upper  rim,  so  as  to  loosen  the  sac  from  the 
of  the  test-tube,  and  a  few  cubic  centimeter?  of  water  are  run  down  between  tbe  sac 
the  glass  tube.  By  gentle  pulling  tbe  tube  is  extracted,  after  which  it  k  preserved  by 
nletc  Immeivan  in  water. 

'n>  Salt  Solution. — The  blood  or  serum  is  dialyzed  against  an  o.S  per  cent  sodium 
nte  solution. 

BdttC  xppMn^  the  test,  it  is  necessary  to  ascertain  that  the  solution  is  free  from  acids 
ff  than  carbonic.  To  determine  this,  a  few  cubic  centimeters  of  the  salt  solution  are 
xd  in  a  Jena  test-tube  and  i  or  3  drops  of  the  indicator  added,  whereupon  a  yellow  color 
(US.  On  billing,  carbon  dioxide  is  expelled,  and  the  solution  loses  its  lemon  color 
i  takes  on  a  slightly  brownish  tint.  In  the  absence  of  this  chani^e  other  acids  are 
■at,  and  the  salt  solution  is  therefore  not  suitable,  li,  on  the  other  hand,  on  adding 
bduatOT  pink  at  once  appears,  the  solution  is  alkaUne  and  hence  cannot  be  used. 
'Prtfarahon  of  Standard  Colors, — Standard  phosphate  mixtures  are  prepared  according 
Sinuen's  directions  as  follows: 

Hi  nud.  acid  or  primary  potassium  phosphate.  9.078  )-rams  of  the  pure  recrystallized 
:{aH|POt)  >9  di^lved  in  freshly  distilled  water  and  made  up  to  i  liter. 
Ml  mol.  alkaline  or  secondary  sodium  phosphate.  The  pure  recrystallized  salt 
wP0(.i3H)0)  is  eroosed  to  the  air  for  from  ten  days  to  two  week;,  protected  from 
t  Ten  mtjecules  of  water  of  crystaUization  are  given  off  and  a  salt  of  the  formula 
tHP0«.3H]O  is  obtvned.  11.876  grams  of  this  is  dissolved  in  freshly  distilled  water 
I  nadc  up  to  1  liter.  The  solution  should  give  a  deep  rose-red  color  with  phenol- 
^tldn.  If  only  a  faint  pink  color  is  obtained^  the  salt  is  not  sufHciently  pure, 
lite  Nilutions  are  mixed  m  the  proportions  indicated  below  to  obtain  the  desired  Pn. 

TABLE  FOR  PREPARATION  OF  STANDARD  COLORS 


I j6.4'6.66.S7.07.i  7.2  7.3  7.47s      7  ■<>    7-7    "S    **.o    **■'    8.4 

fawy      potasdumi 

"•(M"te  c.c 73  63    SI    37    32    ly    13    19    15.813.311,0   S.S   5.6   3. a    i.o 

ptdaty         sodium'       1 

*>^te  c.c S7    37    49    63    hS    73    77    81    84.jS6.839.ogi.2()4,4q6.ftii&.<i 
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13.  The  DetenniDatton  <^  Eptnephrm  CAdrenalin)  m  the  MtaA 
Glands.' — Principle. — It  has  not  yet  been  found  possible  to  detfnniiK 
adrenalin  in  the  blood  by  chemical  methods.  In  the  adrenals  it  loay  be 
detennined  by  the  method  given  below. 

The  method  is  based  upon  the  quantitative  production  of  blae 
color  when  a  solution  of  adrenalin  is  treated  with  phosphotungstic 
acid.  Uric  acid  and  other  substances  likewise  give  the  reaction  but 
can  be  disregarded  when  the  determination  is  made  upon  adrenal 
glands. 

Procedure. — Rub  the  weired  gland  thoroughly  in  a  mortar  with  fine  nad 
and  N/io  hydrochloric  add.  The  mixture  Is  then  rinsed  into  an  Eilenmqtr 
flask  with  more  N/io  add  and  water,  using  in  all  about  15  c.c.  of  the  add  for  Mdi 
a  grams  of  gland  and  about  three  times  as  much  water.  Heat  to  boiling  to  ifii- 
solve  the  epinephrine.  Then  add  5  c.c.  of  10  per  cent  sodium  acetate  aoln&ofv 
each  15  c.c.  of  hydrocbloric  add  present  and  heat  again  to  boiUng.  Tnurier 
the  whole  mixture  (except  the  sand]  to  a  volumetric  flask  (capad^  100  cc  for 
each  3  ptJBB  of  ^tmi)  and  make  to  mark  with  water.  Filter.  Kpette  5  cc.  af 
the  dear  extract  into  a  100  c.c  measuring  flask  and  i  cc  of  a  fresh  uric  idd 
solution  containing  i  mg.  of  uric  add  into  another  100  c.c.  flask.  To  each  Buk 
add  3  c.c.  of  uric  add  reagent  (see  Folin  and  Denis'  method  for  uric  uid, 
page  374)  and  30  c.c.  of  saturated  sodium  carbonate  solution.  Allow  to  ttud 
for  two  to  three  minutes,  dilute  to  the  mark,  shake  thorouj^ily,  and  cooipne 
in  the  usual  manner  in  a  DuboBcq  colorimeter  with  the  uric  add  atandaid  mt 
at  30  mm.  Calculate  as  if  (he  solution  contained  uric  add,  and  diridt  fte 
result  by  three  to  obtain  the  equivalent  in  epinephrine  which  gives  ttiree  tinci  u  : 
much  color  as  an  equal  weight  of  uric  add.  | 

Neidielometric  Methods 

The  Nephelometer. — The  nephelomcter  is  an  instrument  f« 
measuring  the  density  of  precipitates  and  thus  determining  the  amount 
of  any  substance  which  can  be  obtained  in  the  form  of  a  suitaWt 
suspension.  It  is  somewhat  similar  in  form  and  principle  to  a  color- 
imeter. It  differs  from  the  latter  in  that  the  light  which  reaches  the 
eye  is  not  transmitted  light,  which,  on  the  contrary,  is  excluded,  but 
light  reflected  from  the  particles  of  the  suspension.  The  brightofs^ 
of  the  two  lields  is  compared  instead  of  their  colors.  It  is  adapts 
particuhirly  for  the  determination  of  substances  that  in  very  dilute 
solution  may  be  precipitated  in  tht;  form  of  suspensions  which  do  no' 
af;plutiniLl('  ajjpreciably  in  the  time  required  for  making  readinp 
(10  JO  minutes"!.  Tbe  metliixi  has  been  adapted  to  the  detenninat''"' 
of  prnU'iiis  in  digestion  mixtures,  milk,   urine,  etc.;'  nucleic  acidsi 

'  I'olin,  (.'aiimm.  and  Ittnis:  Jour.  lUvl.  Clicni.,  13,  477,  1913. 
-  Kiilitr:  Ji'iit.  Biol.  (Jin  m.,  1,5,  485.  lui  j;  Jow.  Am.  Ch.  Soc,  35,  IS^S,  'flUi 
,1/jrJ  Dt-nif.  JnuT.  Hill/.  Clicm.,  iS,  17.1.  1914. 

'  kiilii-i-  :iiid  (iravci:  .huir.  Am.  Cin'tii.  .Soc,  jt,  ijo*.  I'i'vv 
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phosphates,  and  phosphatides  in  blood,  etc.;^  fats  in  milk, 
;*  acetone  bodies  in  urine  and  blood;*  uric  add  and  purine 
unonia;*  calcium;''  silver,  etc.,  and  is  continually  finding 
ations.  It  is  possible  to  determine  very  minute  amounts 
:e9,  entirely  outside  of  the  range  of  gravimetric  methods  of 
nd  hence  the  procedure  may  be  used  where  the  amount  of 

very  limited.  If  properly  carried  out  the  hmits  of  error 
hod  are  not  greater  than  those 
lorimetric  methods  commonly 
ow  will  be  found  descriptions 
ures  representing  two  satisfac- 
of  nephelometer. 
tuboscq  colorimeter  has  been 
>r  nephelometric  purposes  by 
I  byBIoor.'  Bloor's  nephelom- 
trated  in  Figs.  83  and  84.  The 
te  carrying  the  colorimeter 
.  replaced  by  the  plate  A  with 

in  which  are  supported  the 
ter  tubes  B  with  their  flanges 
ie  edges  of  the  slots.  The  slots 
hat  the  center  lines  of  the  tubes 
■  in  line  with  the  centers  of  the 
lings  of  the  prism  case  E.     If 

ey  may  be  countersunk  to  re-  f,"o.83.-bI^r'bNep^loh=t«. 
Sanges.     The  colorimeter  cups 

d  by  the  jackets  C  which  project  through  the  holes  in  the 
■ts  F  and  are  supported  on  them  by  the  collars  D.  They 
Q  the  cup  supports  move.  The  mirror  is  turned  to  the 
position  so  that  it  reflects  no  light.  The  light  in  the  nephe- 
mes  from  in  front  and  not  from  below  (see  Fig,  84}.  The 
ter  tubes  are  small  test-tubes  100X15  mm.,  preferably 
the  same  sample  of  colorless  glass  tubing  so  that  they  are 
the  same  bore.  The  flanges  at  the  top  should  be  well  made 
I  tubes  rest  firmly  and  evenly  in  the  slots.     The  glass  should 

;  ZtUsckr.!.  anorg   Cfitiii.,  7,  2t>i>,  iHgj. 

Id:  Jour.  Biol.  Chtm.,  2[.  ;fi,  t()i5;  Bloor:  Jaur.  Biol.  Client.,  22,  133,  1915; 

id  Egerer:  Jour.  Am.  Cliim.  .W.,  37,  !J73.  '915. 

our.  Biol.  Chem..  i;,  377,   H114;  J.  Am.  Chens.  Soc.,  j6,  1300,  1914. 

1  Denis:  Jour,  Iliol.  Chmi,.  rS,  3G3,  1914;  Marriott;  same,  16,  2S9,  19:3- 

od  Kober:  Jour.  Am.  Clwn.  iW.,  37,  2430,  1913, 

/.  Am.  Chira.  So(.,  37,  ii,"^r,  1915. 

Jour.  Biol.  Clicm.,  !^,  ~,j,i.  11115, 

'our.  Biei.  Chem.,  1,1,  j.s^,  i(M3;  Joiit.  Am.  Chtni.  Soc,  j^,  ■vj?-^,  ifjii- 

wr.  Biei.  Chem,,  ::,  rj  %,  tii,. 
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be  as  free  as  possible  from  imperfections  and  striations.  Afto  tlie 
tubes  are  made  and  fitted  into  place  the  jackets  are  moved  up  ob 
each  tube  by  means  of  the  rack  and  pinion  until  the  indicator  od  tic 
scale  is  exactly  at  zero.  Marks  are  made  on  each  tube  at  the  point 
reached  by  the  top  of  the  jacket  and  the  portion  of  the  tube  above  thit 
point  is  made  opaque  by  a  ring  Bl  of  black  paper  or  paint.  T<d» 
and  jackets  are  then  marked  right  and  left  and  always  used  on  tht 
same  side.  Since  it  is  rare  to  find  two  tubes  which  when  filled  with  the 
same  solution  give  exactly  the  same  readings  it  is  necessary  to  take  tint 
fact  into  account  and  correct  accordingly. 

The  jackets  C  are  made  of  tubing  (metal  or  glass)  a  little  Uigtr 
than  the  tubes  and  about  the  same  length  (they  should  clew  the 
mirror  when  it  is  turned  horizontal),  closed  at  the  bottom  and  muk 


"RwhofLiomt 


Partitioh  - ' 


CUIRMN 


Fig.  84.— Nepheloueteh  in-  Position,  Showino  Relation  to  Sovkce  01  Liort- 

light  tight  by  black  paint  or  paper.  The  collars  D  supporting  the 
jackets  may  be  made  of  cork  or  more  permanently  of  metal.  A  littJ* 
cotton  wool  in  the  bottom  of  the  jackets  will  prevent  breakage  if  th* 
tubes  should  fall  into  the  jackets. 

The  openings  in  the  prism  case,  particularly  the  lower  ones,  should 
be  protected  against  accidental  splashing  by  thin  glass  plates  (thi^ 
cover  slips)  which  are  held  in  place  by  a  little  glue. 

Artificial  light  is  necessary  and  the  lamp  should  be  enclosed  ^ 
a  tight  box  into  one  end  of  which  the  nepheioraeter  fits  snugly.  -" 
partition  extending  part  way  up  the  box  as  shown  in  the  diagra*" 
(Fig.  84)  ser\es  the  double  purpose  of  shutting  off  the  light  fro* 
the  lower  part  of  the  instrument  and  of  providing  a  stop  agaiD*' 
K-Jiicb  the  instrument  is  pushed,  so  \.\va.t  'v\.=,  d^sA-xftCft  fram  the  U^*' 
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\  kept  constant.  The  box  is  conveniently  made  without  a  bottom 
nd  the  end  dosed  with  a  dark  curtain  after  the  nephelometer  is 
Hished  into  place.  The  inside  of  the  box  should  be  painted  black. 
V  darit  room  is  de^able  but  not  necessary,  as  the  instrument  may 
x  used  satisfactorily  in  a  room  darkened  by  a  dark  shade  or  even  in  a 
latk  corner  of  the  laboratory. 

The  relations  of  the  nephelometer  and  the  light  source  may  be 
ieen  in  the  diagram,  Fig.  84.  The  lamp  used  is  an  ordinary  50- 
fatt  tungsten  ("Mazda")  supported  by  a  bracket  about  30  cm.  from 
the  nephelometer  and  at  the  height  of  the  nephelometer  tubes.  The 
diasge  from  one  instrument  to  the  other  can  be  made  in  one  or  two 


KlG.    85. — LENZMANN-KOBER   NtPHELOUtTtK. 

"•inutes,  since  it  consists  essentially  only  in  unscrewing  the  brass 
pl»te  carrying  the  plungers  and  screwing  on  the  plate  to  carry  the 
nephelometer  tubes.  The  extra  parts  needed,  plate,  tubes,  and 
JKiets,  are  few  and  can  be  made  if  necessary  from  material  at  hand 
in  any  laboratory  and  by  anyone  with  a  slight  degree  of  mechanical 
tkOl.i 

The  above  description  applies  only  to  the  later  type  of  colorime- 
to'here  the  cups  move  and  the  prisms  are  stationary.  The  changes 
'"^ed  to  convert  the  older  type  of  instrument  arc  more  comphcated 
"nd  scarcely  to  be  advised  unless  the  instrument  is  to  have  fairly 

^  *^'*  parts  necessary  for  the  conversion  of  the  colorimeter  vvilo  (.Vt  Tiep^AovQtVex 
'v It  obtained  from  the  Inumatinnal  Jnslrument  Co.  o!  Cam\irid^c,1.\ass. 
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continuous  use  as  a  nephelometer.  If  the  change  is  desired  the 
iometer  tubes  are  to  be  supported  in  the  same  way  as  above,  I 
jackets  must  be  carried  on  special  brackets  which  are  made  to  i 
the  brackets  carrying  the  plungers.  The  nepkelomeltr  tubes  « 
stationary,  the  jackets  being  the  movable  parts. 

Kober  has  devised'  a  combined  colorimeter  eind  nephelomel 
expensive  than  the  Duboscq  apparatus  and  which  may  be  ob 
in  this  country.^  A  diagram  illustrating  the  construction  * 
Lenzmann-Kober  nephelometer  is  given  in  Fig.  85,  page  293. 

Nephelometric  Calculations. — The  amounts  of  precipitate  il 
tions  examined  nephelometrically  is  not  exactly  inversely  propa 
to  the  readings  of  the  scale.    When  the  concentration  of  the  unl 
and  of  the  standard  are  within  10  per  cent  of  each  other  (or 
about  20  per  cent  if  the  readings  are  made  at  depths  as  great 
60  mm.)  accurate  results  may  however  be  obtained  directly, 
variations  are  greater  than  this  a  correction  is  necessary.     1 
has  proposed  an  equation  to  supply  this  correction  and  thus 
possible  very  accurate  work  under  conditions  of  moderate  vari 
of  concentration.     The  equation  is  as  follows: 

s      {\~x)sk 

y=x-  x-- 

or 

_s+iA+V(s+5*)*-4i*>' 
ay 

where  y  =  height  of  unknown  solution,  on  the  left  side  of  the  i 

ment,  when  standard  solution  is  kept  on  the  right  side  at  a  d 

height,  5  =  height  of  standard  solution  on  the  left  side  and  x 

ratio  of  the  concentrations  of  the  two  solutions. 

K 
k  =       where  K  =  a  constant,  obtained  by  substitution  of  stan' 

zation  values  of  s,  y,  and  x.  The  instrument  should  be  check 
for  each  scries  of  analyses  by  reading  the  standard  against  itse! 
determining  the  potential  height  of  the  standard  solution  by  r< 
the  scale  on  the  left  side  when  the  solution  on  the  right  side  is  kep 
definite  height,  and  the  two  are  matched. 

I.  Acetone  Bodies. — Nephelometric  Methods  of  Marriott.*— 
ciplc- — Acetont:  in  very  small  amounts  forms  a  cloudy  solution  wii 
Scott-Wilson  reancnt  which  may  be  read  nephelometrically,    B 

'  Kober:  Joiir.  Iiid.  and  linR,  Chcm.,  7,  S43,  I015. 

-  The  insi  rumen  t  is  maiiulutturi.''J  liy  Lenz  and  Xaumann  Pullman  Building,  17  It 
.\vp.,  Xrw  York  City, 

'  fiobcr:  J.  Am.  Chem.  Soi.,  3;,  sJlq.  iqiv  J""'-  fi"'-  Chtm.,  13,  485,  191J. 
'  Marriult:  Jour.  Biol.  Chent.,  i'>,  iRq  anil  iiij,  iQiJ. 


BLOOD  ANALYSIS 


295 


Pnhod  it  is  pos^ble  to  make  a  complete  analy^  for  acetone  and 
diacctic  acid  and  hydroxybutyric  acid  in  from  2-5  c.c,  of  blood. 

Proceduie. — Two  to  5  c.c.  of  blood  drawn  from  a  superficial  ann  v«io  by  means 
of  1  fteiil«  syringe  are  ran  into  a  small  weighed  flask  containing  50  c.c.  of  0.5 
fts  cent  potassium  oxalate  soludon.  The  flask  is  rewdghed.  The  diluted  blood 
imn  into  100  cc.  of  boiling  water  acidified  with  i  cc  of  glacial  acetic  acid' 
egotlined  lo  an  800  c.c.  K}eldahl  distilling  flask  and  the  procedure  is  then  carried 
Odlttdescribed  in  the  Msrrioit-Scott-WilKon  methods  for'ai  acetone  and  diac- 
i&tdd  and  (b)  ^-hydroxybutyric  acid  as  outlined  on  page  ]84.  The  precipitate 
h  (be  mercury  reagent  is  however  estimated  neph«lemoroetrically.  In  this  case 
ftedistillate  which  should  measure  75  100  c.c.  is  allowed  to  stand  batf  an  hour, 
bra  tiansferred  to  a  gntdtuted  cylinder  and  diluted  until  an  opalescence  that 
ttn  be  conveniently  read  is  obtained.  The  turbidity  occasioned  by  0.05  mg.  of 
uctanc  diluted  to  100  c.c  is  a  convenient  strength  for  this  purpose,  although 
umaderably  larger  or  smaller  amountx  give  good  results.  With  heavy  opales- 
CCDCc  it  is  desirable  after  diluting  to  a  certain  volume,  say  350  c.c.  to  remove 
a  iliquoi  portion  with  a  pipette  and  dilute  this  appropriately.  A  solution  con- 
ttlnint  a  kitown  amount  of  acetone'  is  distilled  into  an  excess  of  reagent'  and 
UiU  distillate  wluch  is  to  be  used  as  the  sUndard  is  diluted  as  above.  Read  in  the 
UplMtomeiM'  against  this  standard,  taking  the  readings  as  quickly  as  possible 
■llBtUiiig  the  tubes  as  the  suspension  settles  slowly. 

If  the  nnknown  suspension  is  diluted  so  as  to  be  not  more  than  20  per  cent 
fiSmat  from  the  standard  and  if  comparisons  are  made  in  considerable  depths 
of  lotion  150-60  mm.)  no  corrections  are  necessary.  If  the  two  agre«  within 
lopnceataccuratecompariEonmay  be  made  at  less  depths.  If  divergences  are 
pntcr  and  accurate  results  are  desired,  Kober's  correction  equation  must  be 
ntditM  discussion  of  nephelometer  p.  394). 

J.  F|L -.»^A(i>m*f rit  Method  oj  Bieior.^—PriHeipU.—The  protein  is  predpl- 
tiKd  viih  alcohol  and  ether  and  the  fatty  add  in  the  extract  determined  ncphclo- 
iwtic»lly  after  saponification. 

tfKtitirt.^Extraction. — .About  3  c.c.  of  blood  arc  drawn  from  the  vein  with  a 
fiilttled  tyring  and  run  at  once  with  stirring  into  3  ncighcii  graduated  flask 
'Ktaimog  about  40  volumes  of  a  mixture  of  5  parts  alcohol  und  i  part  ether. 
AfiR  tgkin  weighing  to  find  the  weight  of  blood  added,  the  solution  is  raised  to 
vS&t^  in  a  water-bath,  cooled  under  the  tap,  made  to  volume  with  alcohol -etJiet 
■•Ooc,  Biixcl  and  filtered.    The  filtrate  is  water  clear  and  .ilmost  colorlcM. 

D><»*iiw(t»>M.  -From  5-jo  c.c.  u(  the  exiraet  (containing  about  2  mg.  of  fat) 
■UDemired  with  a  pipctic  into  a  small  beaker  and  saponilicd  by  evaporating 
■Briy  but  not  quite  to  dryness  with  j  c.c.of  N/i  sodium  ethylate.  The  residue  is 
^!V*A  Jest  to  boiling  after  the  addition  of  ;  c.c.  of  alcohol -ether,  and  50  c.c.  of 
."•■ilWMlernrc  added. 

A  liiniUr  solution  of  the  standanl  is  pn;piuecl  by  adding  5  c.c.  of  the  standard 

I  Cwmtfrial  varieties  of  acetic  add  fnqiicnily  conioio  mbMancts  which  behave  like 
p^  Blank  determination*  should  always  be  made  and  correction*  made  accordingly. 
J  *  Wwnieni  slock  ftolutloD  contain*  about  0.03  nig.  acetone jwr  C-C.    The  stiesKth 

jT^S^Mlutiria  is  determined  by  titration  of  aoo  c.c.  bv  the  Ue*nnger-ltum>erl  method 

«O|^ttrXXV0. 

ika%  "luliMi  cannot  be  added  directly  to  the  t»geot  a*  a  lower  ratull  1*  obtabcd  than 

k  •Hfcw.-Aw.  SM.  Cttm.,  17,377.  jpn;  33,  jr,,  191$. 
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fatty  add  >alutioD<  (rom  a  pipette  with  stirring  to  jo  c.c.  o(  distilled 
Uic  standard  and  to  the  tc»t  solutions  are  added  stmultaneoasly  from  ptp 
irilh  stirring  lo  c.c.  portions  of  dilute  (i:j)  hydrochloric  acid  and  the 
allowed  to  stand  (or  Gve  minutes,  niter  which  they  are  trAnsferred  to  the  i 
tubes  of  the  nephclometcr  (sec  Fig.  8j,  p.  api).    Several  readingB  shouldl 
awl  averaged.     The  standard  lube  should  aliniys  be  on  Ute  same  Mcle. 
cutsioQ  of  ncphelom<-ier  (page  290)  for  details  as  to  mdiog.    The 
sent  the  amount  of  total  fal  (fatty  adds  and  cholesterol)  in  lli«  blood,  < 
as  oleic  acid.    The  fal  of  the  corpusde*  is  uoi  comi)letcly  extmctcd,  and  i 
be  borne  in  nund  that  other  lipoids  as  cholesterol  are  induded  in  lbe{ 
Cholcaterol  may  be  <lelennineil  separately  and  subtracted  from  the  result  | 
fat.    Il  may  abo  be  determined  in  a  part  of  ihc  blood  extract  as  prepar 
by  a  modified  .Auienrietli-Funk  procedure.*    \fetbods  have  also  been  de 
the  determination  of  thr  phosphatides  of  blootl* 


iBstrumenis  Used  in  the  Examination  ot  tba  Blood 

Spectroscope.*— Either  the  anguhrMsion  spectroscope  ( 
and  S8)  or  the  direct-vision  spectroscope  (Fig.  86)  may  be 
mutant;  the  spectroscopic  examination  of  the  bioocl.     For  a  c 
description  of  these  instrument-i  the  student  h  referred  to  any 
text-book  of  physics. 


1:1.      .Mi--ll[Bi.7    \  iStON    SPECTfc.lSOirj  . 

I.  Oxyhemoglobin.  Examine  dilute  11 :  50^  deflbrinatod  blood 
Bcoplcatly.  Note  the  broad  absorption  band  between  D  and  E.  Conti) 
dilation  until  this  single  broad  band  gives  place  to  two  narrow  bands,  | 
nearer  the  D  line  being  the  narrower.  These  are  the  typical  absorpUolj 
of  oxyhemoglobin  obtained  from  dilute  solutions  of  blood.  Now  dilut«  t^ 
very  freely  and  note  that  the  bands  gradually  become  more  narrow  an^ 
dilution  is  Bufficicntly  great,  they  finally  entirely  disappear.  J 

3.  Hemoglobin  (.so-called  Reduced  Hemoglobin).— To  blood  which  if 
diluted  sufficiently  to  show  well-defined  oxyhemoglobin  alMorption  ban^ 
•buiU  amount  of  Stokes'  reagent.'    The  blood  immediately  changes  in  col 

'The  standard  solution  used  i*  an  alcohol<ellici  Kolvition  at  pure  oleic 

;C.c.  cuntain  ibuut  i  mi;,  ul  tUe  acid-     The  alcohol  and  i-tbct  used  for  tbei 
ttibW  tvdittiUrd  abiOIuic  alcohol  and  pure  dr>'  ether. 
»  Hlooi:  /i>«»,  Hial.  Chm.,  tj,  jij,  1015. 

•  Otcciiwftld:  Jotir.  BM.  Cktm.,  71.  to,  loij. 
Bloor:  Jour.  BM.  Chem..  ti,  13$,  1915.  13,  31;,  r9is. 
Kobcrand  Egercr:  J.  Am.  Chrm.  S»e.,  jj,  )j;j,  1915. 
Taylor  and  Millers  J<mr.  Itiol.  Chem.,  iS,  iij.  1014. 
For  other  nephelometric  metbodi  »cc  Cbapicn  .WD  and  XXVL' 

•  For  Absorptinn  Spnctra  *ce  Pbtci  I  and  II. 
'  Stokes'  reagent  ia  a  solution  cantalning  »  per  cent  fvrious  adphate  and  3  pi 

taric  icid.    Whut  needed  for  uie  a  small  amount  »bouLd  be  placed  in  a  tcit-tubc  i 
njnni  hj'droxide  added  until  the  pircipltatc  which  forms  on  the  first  addition  0^  th<^ 
Mc  b»3  tniinly  dftsolved.    Tlii»  produce*  amnumiuni  JuKiiiiit  an  ««.*  ^i*  n  t<^l<uil 
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^bciibt  red  to  violet-red.     The  axyhemoglobin  has  been  reduced  throuth  the 

of  Stokes'  reagent  and  hemoglobin  (so-called  reduced  hemoglobin)  has 

1  formed.     This  has  been  brought  about  by  the  reraoral  of  some  of  the  loosely 


Fio-  S7,— .VKflriAit-vrsioi*  SmctboiScope  Akha-xcep  pus  jVbsoiiption  Asal^-sis. 

rombioed  oxygen  from  the  ozyherooc^ofatn.  Examine  this  hemoglobin  spectre- 
KopiuUj.  Note  that  in  place  of  the  two  abeorption  bands  of  oxyhemoglobin  we 
nuv  hare  a  single  broad  band  lying  almost  entirety  between  D  and  E.  This  is 
lilt  Typical  Kpectnun  of  hemoglobin.     If  the  solution  showing  tbis  spectnun  be 


Fir.,  as.— DiAOHAu  or  AKCDLAk-visiOM  Spectboscope.    (/>wi.) 

^  The  wkilf  littlit  F  caters  the  collimator  tul>«  Itrough  a  narroic  slit  and  passe*  to  the 
("Wif.  «hkh  has  the  power  of  rcftocUng  and  dikprniing  the  light.  Thn  rnyt  Ihm  pitM  to 
^jMwblt  (onvei  l*ns  of  Ihi;  oriilar  lube  and  ar«  tlrUcctcd  to  ihc  e)f|)ictc  £.  Tlicilottfd 
~jnth««  the  iniiniili«<l  virluaJ  imnicc  *Iiic}i  is  formed.  The  lliini  tube  coctains  a  scale 
••■idiASe  ii  tclicciol  into  the  ocuinr  ami  ihown  with  the  spectrum.  Between  ihr  light 
'MatbccclliniAtorvlit  it  placed  11  •tI!  lu  hold  tlifsr..lutiuQundcriB>iuKc^ainiii*doD. 

"'*^  in  the  air  for  a  few  moments  it  will  again  assume  the  bright  red  color  of 
■>i}tieino{iobin  and  show  the  characlerisdc  spectrum  of  that  pigment. 

i-  Carbon  Monoxide  Hemoglobin.— The  preparation  of  this  pigment  may  be 
****'7  actomplLshcd  by  passiog  ordinary  illuminating  gas'  through  defibrinated 

_    ■«  M-(a]]c<|  irxut  fna  Willi  which  orjinarj'  illuminating  gai  fe  AUulcd  cnmuia  'sci- 
"ffatauciaj  icperivat  ofaubon  monoxide  (COj. 
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ox-blood.  Blood  thus  treated  assumes  a  brighter  tint  (cannine)  thaa  4 
parted  bf  ozyh*nu>0obtii.  In  very  dilute  solution  oxyhemoglobin 
jeltowlsh  red  whereas  carbon  monoxide  hemoglobin  under  the  same  ca 
appears  bluish  red.  Examine  the  carbon  monoxido  hemoglobin  sohitit 
troscopically.  Observe  that  the  spectnim  of  this  bodj  resembles  the  ^ 
of  ozyheiDOgloUo  in  showing  two  abeorption  beads  between  D  and  j 
bands  of  carbon  monoxide  hemoglobin,  however,  are  somewhat  nearer  tl 
end  of  the  spectrum.  Add  some  Stokes'  reagent  to  the  solution  and  a) 
wnine  spectro«copically.  Note  that  the  position  and  intensity  of  the  *b 
bands  remain  tmallered. 

The  following  is  a  delicate  chemical  test'  for  the  detection  of  carbon  m 
hemoglobin :  i 

Tannin  Test — Divide  the  blood  to  be  tested  into  two  portions  and  dit) 
with  4  volumes  of  distilled  water.  Place  the  diluted  blood  mixtares  in  ti 
flasks  or  large  test-tubes  and  add  lo  drops  of  a  lo  per  cent  solution  of  pe 
ferricyanide. '  Allow  both  solutions  to  stand  for  a  few  minutes,  then  sto) 
vessels  and  shake  one  vigorously  for  10-15  minutes,  occaslonaOy  remoi 
stopper  to  permit  oix  to  enter  the  vessel.*  Add  5-10  drops  of  snunonium  | 
^Uow)  and  10  CO.  of  a  10  per  cent  solution  of  tanniD  to  each  flask.  The  { 
of  the  shaken  fUxk  will  soon  exhibit  tbefomution  of  a  dirty  olive-green  prei 
whereas  the  flask  which  was  not  shaken  and  which,  therefore,  still  conti 
bon  monoxide  hemoglobin,  will  exhibit  a  bright  red  prectpiiate,  characte 
carbon  monoxide  hemoglobin.  This  test  is  more  delicate  than  the  spect 
(est  and  serves  to  detect  the  presence  of  as  low  a  content  as  5  per  cent  od 
monoxide  hemoglobiiL  1 

4.  Neutral  Methemoglobin. — Dilute  a  litUe  defibrinated  blood  (t  :j 
add  ■  few  drops  of  a  freshly  prepared  10  per  cent  solution  of  potassium  t 
oide.  Shake  this  mixture  and  observe  that  the  bright  red  color  of  the  1 
displaced  by  a  brownish  red.  Now  dilute  a  little  of  this  solution  and  exi 
spectroscopicAlly.  Note  the  single,  very  dark  absorption  band  lying  to 
of  D,  and,  if  the  dilution  is  sufficiently  great,  also  observe  the  two  ratb 
bands  lying  between  D  and  £  in  somewhat  similar  positions  to  those  occt 
the  absorption  bands  of  oxyhemoglobin.  Add  a  few  drops  of  Stokes'  re* 
the  methemoglobin  solution  while  it  is  in  position  before  the  spectroscope  I 
the  immediate  appearance  of  the  oxyhemoglobin  spectrum  which  is  quk 
lowed  by  that  of  hemoglobin. 

5.  Alkaline  Methemoglobin.-  -Rt^iidct  a  neutral  solution  of  mcthcm 
sucli  us  ll1.1t  UMitl  in  the  lutt  ct  peri  men  t  (4),  ilighlly  di:aliiie  with  a  lew  I 
ammonia.  The  solution  becomes  redder  in  color,  due  to  the  formation  of 
mclheraoglobiii  and  show.i  3.  npi-cinini  ilitlcrcnt  (rom  that  of  the  neutral  bd 
thi»  CAM--  vrc  h»vc  «  band  on  cither  side  of  D,  the  one  ncitrw  the  red  eW 
Spectrum  bciiig  much  Uie  fainter.  A  third  band,  darker  than  either  of  Um 
tioned.  Mfi  hctvtrm  1)  and  E  somewhat  nearer  K. 

6.  Alkali  Hematin.— Observe  the  spectrum  of  the  alkali  hcmatin  pr 
Experiment  iS  on  page  366.     Al»o  make  a.  S[>ectruacupic  examination  of  1 


'  Sand  (Vtflttiflfor  iMif,  7O,  i*3<, 
s  polMSlum  rodido  tMl  fui  carbon  rooaoxide  bemoj^lobiii  iu  blood. 


icm; 


Abst.  J..4.  J/./l,.Nov.)i,  ion>! 
He  claiim  1 
cect  raay  be  dttecied  b>-  hU  tc»t. 

*Th»  ir«ni.f»rnt<  ihe  oiyhcmoxlobin  iolo  nielhetnoKlobiD. 

'  This  ii  d<mt!  to  !Kr  the  blood  from  carbon  muw»idc  bvmutlicftwn. 
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pnpaied  alkali  hematin.'    The  typical  spectram  of  atkati  hematin  shows  a  single 
(biorptioQ  band  lying  across  D  and  malniy  toward  the  red  end  of  the  spectrum. 

7.  Kodnced  Alkali  Hematin  or  Hemochromogen. — Dilute  the  alkali  hematin 
nlation  used  in  the  last  experiment  (6)  to  such  an  extent  that  it  shows  no  absorption 
bud.  Now  add  a  few  dro[>s  of  Stokes'  reagent  or  ammonium  sulphide  and  note 
tkl  the  greenish-brown  color  of  the  alkali  hematin  solution  is  displaced  by  a 
bn^t  red  color.  This  is  due  to  the  formation  of  hemochromogen  or  reduced 
tl^li  hematin.  Examine  this  solution  spectroscopically  and  observe  the  narrow, 
di^  absorption  band  lying  midway  between  D  and  E.  If  the  dilution  is  not 
too  gnit  a  faint  band  may  be  observed  in  the  green  extending  across  £  and  b. 

8.  Acid  Hematin. — To  some  dc&biinated  blood  add  half  its  volume  of  glacial 
idd  and  an  equal  volume  of  ether.  Mix  thoroughly.  The  acidified  etheral 
sjation  of  hematin  rises  to  the  top  and  may  be  poured  off  and  used  for  the  spectro- 
Kopic  examination.  If  desired  it  may  be  diluted  with  acidified  ether  in  the  ratio 
cStat  part  of  glacial  acetic  acid  to  two  parts  of  ether.  A  distinct  absorption  band 
will  be  noted  in  the  red  between  C  and  D  and  lying  somewhat  nearer  C  than  the 
bud  in  the  methemoglobin  spectrum.  Between  D  and  F  may  be  seen  a  rather 
ifidiitiiict  broad  band.  Dilute  the  solution  until  this  band  resolves  itself  into  two 
buds.  Of  these  the  more  prominent  is  a  broad,  dark  absorption  band  lying  in  the 
peto  between  b  and  F.  The  second,  a  narrow  band  of  faint  outline,  lies  in  the 
B^t  green  to  the  red  side  of  E.  A  fourth  very  faint  band  may  be  observed  lying 
01  the  violet  aide  of  D. 

9.  Add  Hesutoporphyritt. — To  5  c.c.  of  concentrated  sulphuric  acid  in  a  test- 
tube  add  3  drops  of  blood,  mixing  thoroughly  by  agitation  after  the  addition  of 
(uh  drop.  A  wine-red  solution  is  produced.  Examine  this  solution  spectroscopic- 
illT'  Add  hematoporphyrin  gives  a  spectrum  with  an  absorption  band  on  either 
Ucof  D,  the  one  nearer  the  red  end  of  the  spectrum  being  the  narrower. 

10.  Alkaline  Hematoporphyrin. — Introduce  the  acid  hematoporphyrin  solution 

juit  examined  into  an  excess  of  distilled  water.     Cool  the  solution  and  add  potas- 

naia  hydroxide  slowly  until  the  reaction  is  but  slightly  acid.    A  colored  precipitate 

fiinu  which  includes  the  principal  portion  of  the  hematoporphyrin.    The  presence 

of  Mdiiim  acetate  facilitates  the  formation  of   this  precipitate.     Filter  oS   the 

Pnci[utate  and  dissolve  it  in  a  small  amount  of  dilute  potassium  hydroxide.     Alka- 

luK  hematoporphyrin  prepared  in  this  way  forms  a  bright  red  solution  and  possesses 

""f  absorption -bands.     The  first  is  a  very  faint,  narrow  band  in  the  red,  midway 

'>n*eenC  and  D;  the  second  is  a  broader,  darker  band  lying  across  D,  principally  to 

""  violet  side.     The  third  absorption  band  lies  principally  between  D  and  E,  ex- 

'""ling  for  a  short  distance  across  E  to  the  violet  side,  and  the  fourth  band  is 

"foad  and  dark  and  lies  between  b  and  F.     The  first  band  mentioned  is  the  faintest 

^  "le  tour  and  is  the  first  to  di5apf>ear  when  the  solution  is  dilutt'd, 

1-  Fleischl's  Hemometer  (Fig.  89,  p.  ,^00). — This  is  an  instrument 
"^  quite  extensively  clinically,  for  the  quantitative  determination  of 
hemoglobin.  The  instrument  consists  of  a  small  cylinder  which  is  pro- 
™ed  with  a  fixed  glass  bottom  and  a  movable  glass  cover,  and  which  is 

1  ^jAlkili  hematin  may  be  preparcJi  by  nuNiiiK  one  volumi-  <<!  a  contenlritcd  potassium 
y*W>>il«  or  sodium  hydroxi^de  solution  am!  two  volunif  s  of  liiluti^  li:^i  litfibrinated  blood, 

Mil  toiiture  should  be  healed  uraduitUy  almost  to  l>iii\iii(;,  l\n:n  couWA  ani  ■sWV'jtv  W^ 

■'*w  JSomentsii  tie  ai> />e/ore  e.vaminaljon. 
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dividedt  by  means  of  a  metal  septum,  into  two  compartments  of  <^ 
capacity.  This  cylinder  is  supported  in  a  vertical  position  by  roansiH 
a  raechanisin  which  rescinbles  the  base  and  stage  of  an  ordinary  mictt 
scope.  Underneath  the  stage  is  placed  a  colored  glass  vcdge  [sa 
Fig.  9)),  so  arranged  as  to  run  immediately  beneath  the  gbn 
bottom  of  one  of  the  compartments  of  the  cylinder  and  ground  in  sadii 
manner  that  each  part  of  the  wedge  corresponds  in  color  to  a  tchim 

of  hemoglobiti  of  some  definite  pcictol- 
age.    The  glass  wedge  is  held  inataetil 
frame  and  may  be  moved  backward « 
C^^^^^^^^JJrifrtf  ^Mt     forward  by  means  of  a  rack  and  piaiffli 
■■^^■™'*"*  ■  '     arrangement.    A  scale  along  the  sideol 
this  frame  indicates  the  percentage  of  flu 
normal  amount  of  hemoglobin  which  tad 
jiarticular  variation  in  Uic  depth  of  oiloi 
of  the  ground  wedge  represents,  lakio) 
the  normal  hemoglobin  content  as  lOO. 
In  a  position  corresponding  to  the  poa 
Fio.  «(>^Ft.BiKoii.'s  irEMOMnnB.  tion  of  the  mirror  on  the  ordinary  roioo 

scope  is  attached  a  light-colored  opaqu 
plate  whidi  serves  to  reflect  the  light  upward  through  the  cubw 
wedge  and  the  cj'lindcr  to  the  eye  of  the  observer. 

Iq  matdng  a  delennination  of  the  percentage  of  hemoglobin  by  this  iastn 
irent  the  procedure  is  as  follows:  Fill  each  compartment  about  three-foitttit 
full  of  distilled  water.  Puncture  the  finger-tip  or  lobe  of  the  ear  of  the  subjed  li; 
means  of  a  sterile  needle  or  scalpel  and,  as  sora  as  a  drop  of  Mood  aptmn 
place  one  end  of  the  capillary  pipette  <  Fig.  go),  whkb  aecompanies  the  tnGtreneal 
asainsi  the  drop  and  allow  it  to  fill  by  capillary  attraetloa.  To  prevent  the  blw 
from  adhering  to  the  exterior  of  the  tube,  and  so  render  the  detcmiinatkin  tim 
curate,  It  is  custoniaiy  to  apply  a  very  thin  coating  of  mutton  fat  to  the  outnnr 
face  before  using  or  to  wrap  the  tube  in  a  piece  of  oily  chamois  when  not  in  aw 
As  soon  as  the  lube  has  been  accurately  filled  with  blood  it  should  be  dipped foti 
the  water  of  one  of  the  compartmeiils  of  the  cylinder  and  all  traces  of  the  tdDW 
washed  out  with  water  by  means  of  a  small  dropper  which  accompanies  fti 
Isstnunent.  If  the  blood  is  not  well  disUibuted  throughout  the  compartnMotsiv 
does  not  form  a  homogeneous  solutioD  the  contents  of  the  compartraent  thouU^ 
mixed  thoroughly  by  means  of  the  metal  handle  of  the  captlUiy  measuring  pipetM 
When  this  has  been  done  each  compartment  should  be  completely  filled  with  dU 
(Hied  water  and  the  glass  cover  adjusted,  care  being  takHi  that  the  contents  ■ 
the  two  compartments  do  not  mix.  Now  adjust  the  cjllndef  so  that  the  cocspai 
ment  containiog  the  pure  distilled  water  is  immediately  above  the  colored  gU 
wedge.  By  means  of  the  tack  and  pinion  arrangement  manipulate  the  color 
wedge  until  a  portion  of  it  is  found  which  corresponds  in  color  with  the  dilv'' 
blood.  WbentbisagreemenliocolorhasbeensecuTedthepoinlonthe  scaled 
'  The  fcitle  ol  the  <tr<lni*ry  instruiwni  is  usiiJittY  \o«\w^. 
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Fill.  90.— Pwcm 
OP      Flbischl's 

HEKOUCTCIt. 


rtspOQdtng  to  this  particular  color  should  be  read  and  the  actual  percentage  of 
Iwiiiaglabiii  computed.    For  instance,  if  the  scale  reading  is  90  it  means  that  the 

biwd  under  examination  contains  90  per  cent  of  the  normal  quantity  of  hemo- 

(lobin.  I.e.,  90  per  cent  of  14  pet  cent 

f  2.  Fleischl-Miescher  Hemometer. — The  apparatus  of  Flelichl 
ha  been  nioilititKl  by  Miescher.  If  all  precautions  ure  lakeo,  the 
natgin  of  error  in  the  absolute  quantity  of  hemoglobin  dctermineci  by 
thu  Liulrumenl  dutrs  not  exceed  o.i3-o.33  per  cent  by  weight  of  the 
blood.  Detailed  directions  for  the  manipulation  of 
(he  Flcischl-Xriirschcr  hemometer  accompany  the  in- 
Etnnnent.  In  brief  Miescher  modified  the  instru- 
ment as  follows:  (1)  The  scale  of  each  instrimient 
is  supplied  with  a  caliber  table  of  absolute  hemo- 
globin values,  cx]>rosscd  in  milligrams:  the  scale  of 
Flcischl's  hemometer  shows  the  percentage  of  hcmo- 
gloliin  in  relation  to  an  average  selected  somewhat 
arbitrarily.  Thus  many  errors  arising  from  the  irregular  coloring  of  the 
giis  wedge  of  the  older  apparatus  are  avoided  in  the  instrument  as 
modified.  (2)  Each  instrument  is  accompanied  by  a  measuring  pip- 
ette (melangcur)  which  allows  of  a  more  accurate  measurement  of  tlic 
Uaod  than  was  possible  with  the  capillary  tubes  of  the  older  appara- 
laj.  (^)  With  the  aid  of  the  measuring  pipette  mentioned  above 
Hood  of  varying  degrees  of  concentration  may  be  compared  In  this 
wy  the  individual  examinations  arc  controlled  and  a  chcfk  upon  the 

accuracy  of  the  graduation  in  tlic 
color  of  the  glass  wedge  is  also 
afforded.  Tliis  wedge  is  much 
more  evenly  and  accurately  colored 
than  in  tlie  unmodified  apparatus 
of  Flrisdil.  (4,)  Before  reading 
the  percentage  as  indicated  by  the 
scale,  the  chamber  is  covered  with 
8  gUss  and  a  diaphragm  which  sharply  define  the  field  on  all  sides 
ilhout  the  formation  of  a  meniscus. 

The  measuring  pipette  is  constructed  essentially  the  same  as  the 
Pipetttt  which  accompany  the  Thoma-Zeiss  apparatus  (see  page  305). 
T^t  capillary  portion,  however,  is  graduated,  i,  3/3  and  1/2  which 
*«ublci  the  observer  to  dilute  iJie  blood  sample  in  the  proportion  of 
'■«»,  ( 1300  or  I  1400  as  he  may  desire.  If  there  is  difficulty  in 
'^''ing  in  the  blood  exactly  to  one  of  the  graduations  just  mentioned 
tntaiaount  of  bloodaboveor  below  the  volume  indicated  by  the gradu- 
•jJW  nay  be  determi/jt-d  by  means  of  certain  deWcale  ctosvVmft*.  yi\ft<2cs. 


^  9i.~CoioaE»     Gla.vs    \V"t:m;i     <ii- 

FUKKL'S llrilOURrER.      (Da  Ci<Uit.) 
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are  placed  directly  above  and  below  the  graduation.  Each  c 
corresponds  to  i/ioo  of  the  volume  of  the  cajwllary  tube  (rorn 
to  the  t  graduation. 

A  0.1  per  cent  solution  of  sodium  carbonate  b  used  to  diss 
stroma  of  the  crj-throcj'tcs  and  so  render  the  blood  solution  | 
clear.     If  Om  is  not  done  the  color  of  the  blood  soiuliun  invari 

pears  darker  in  tone  than 

the  colored  glass  wedge,    ? 

prepared  sodium  carbona 

lion  should  be  used  in  on 

^^  the  clearness  of  the  solut 

^^~\     4ll|r\    '  /^H         "^^  ^^  marred  by  the  pre 

j^^    \      ^rl    I     1      li'^l  sodium  bicarbonate. 

WBCm      ^&V/     ImBt  3-  Dare's  Hemoglobb 

^^*^         ■■       'Mf  (Kig.   9J).— Thb    instruit 

the  name  signifies,  is  used 
determination  of  hemoglol 
using  cither  Flebchl's  hei 
or  the  instrument  as  mod 
Micscher  the  blood  is  dill 
examination,  whereas  wi 
Dare  instrument  ho  dUuli 
quired.  This  probably  a 
rather  more  accurate  de( 
tions  than  are  possible  t 
old  Flcischl  apparatus,] 

The  instrument  ■ 
tially  of  the  following' 
A  capillary  obser\'ation  a 
semicircular  colored  ^ass 
(3)  a  milled  wheel  forma 
ing  the  wedge,  (4)  a  caw 
to  Illuminate  portions  of  the  capillary  observation  cell  and  the 
wedge,  (s)  a  small  tele-scope  used  in  the  examination  of  the  areai 
natcd  by  the  candle  liame,  (6)  a  scale  graduated  in  perceotage 
norma!  amount  of  hemoglobin,  (7)  a  hard-rubber  case,  (8)  a  I 
screen  attached  to  the  case. 

The  capillary  observation  cell  is  formed  of  two  small,  | 

rectangular  plates  of  glass,  one  being  transparent  and  tlie  other 

When  held  in  position  on  the  instrument,  by  means  of  a  sma 

bracket,  the  opaque  portion  of  the  cell  is  nearer  tlic  candle  a 

serves  to  soften  the  glare  of  VIbUI  'wUen  an  o'hwTva'Cvj'A  w  ' 


Flo.  9*. — Dakk'x  ni:M<}nL<>iiiNO)iETKii. 
(Dti  CmM.) 

R,  Millod  wheel  acting  b^africtjo&btu- 
iDg  on  the  rim  of  the  color  disc;  S,  cue  in- 
cl^D^  <oIur  disc,  and  pravided  witli  a  lUiie 
to  which  the  blood  duubcj  u  &lled;  T, 
inovaLle  irinic  «hlcfa  Uiwtutgoutvtiud  dui- 
log  Ifae  obocrvatioB,  toMrve  a*  a  scitca  for 
the  obtcrvcr"!  cy«*,  »nd  which  net*  u  a 
cover  to  IdcIom  the  color  diM:  wbco  tlie  in- 
stniment  is  not  in  u%e;  U,  Idetcopiog  cam- 
era tube,  )□  poHtion  for  exaiainntion;  V, 
rrturc  adinittin];  Ugfat  (or  Ulumiiialtoa  of 
color  disc;  X,  capillDT)-  blood  cbitmbf  r 
ndjuttcd  to  stage  of  isslrumrni,  the  iitip  of 
ODMtie  fiaa^,  Vi ,  btanx  Di-an->l  lu  (he  wunr 
Of  light;  Y.  dcUchabIc  cand1c-hoM«i;  Z, 
recUDgulnr  «.U>t  Ibroiitlh  which  the  heno- 
(loblu  Kalr  incticiil«d  oa  Ihe  rim  of  the 
color  di»c  is  rend. 


sSlbIc  t 
tU3,H 

cooHj 


C^\%  ^Mm 
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trans{xirent  portion  of  the  cell  is  directly  over  a  circular  opening 
1  the  case,  through  which  the  blood  specimen  is  viewed  by  means  of 
;  small  telescope. 

The  semicircular  colored  glass  wedge  is  so  ground  that  eacli  par- 
it  shade  of  color  corresponds  to  lliat  possessed  by  fresh  lilood  which 
ontains  some  definite  percentage  of  hemo- 
dobin.     It  is  mounted   upon   a  disc  which 
ay  be  manipulated  b\'  the  milled  wheel  in 
a  manner  as  to  bring  successive  por- 
>  of  the  wedge  tn  position  to  be  \iewed 
s  circular  ojK-ning  contiguous  to  the 
;  through  which  the  blood  specimen  is 
For  a  further  description  of  the  in- 
sent  see  Figs.  $2,  93,  and  94. 

In  uxmg  thr  Do  re  hcmoglobbometer  proceed  as 
ioUows:  Puncture  the  fmger-tip  or  lobe  o(  the  ear 
oi  the  nbject  by  means  of  a  needle  or  scalpel  and, 
tfttr  1  drop  of  blood  of  good  proportions  baa 
fonned,  place  the  flat  capillary  observation  cell  in 

(onUct  with  the  drop  and  allow  it  to  fill  by  cap-    nurrxa.    (Da  C«tla.) 
OluT  attraction  iFig.  <m.     Replace  the  cell  in  its 

proper  place  on  the  instnimeni.  When  in  pontion,  a  portion  of  this  cell  ma^  be 
obuned  through  a  small  telescope  aHacbed  to  the  apparatus.  It  is  riewed 
SiniU(h  a  circular  opening  and  near  this  circle  is  a  second  one  through  which  a 
pwlinn  o(  a  semicircular  colore!  gloss  wedge  is  visible.  Theac  two  circles  are 
iliiuninited  simultancousl;  by  means  of  the  flame  of  a  candle.     The  colored  glass 


Fio,  gt. — HoKuitsTAL  Sac- 
TioN  or  Dabe's  Ueuogixiktx- 


f^  H-'-MaTHOD  tn*  FiLuxG  THK  L'.u-iLUKv  OBBsavAium  Cku,  or  Dase's  IIeuo- 
<ii.ontN*oMt:Ti:R.    {Da  CMta.) 


"V  be  rotated  b;  means  of  a  milled  wheel  and  the  point  of  agreement  of  the 
*^  of  the  adjoining  discs  maybe  determined  in  the  same  way  as  in  Flcischl's 
**wnitt«T.  The  scale  reading  gives  the  percentage  of  the  normal  quantity 
"'  hnnoglobin  which  the  blood  sample  under  ezaminatiou  contains.  Compute 
the  Kctiul  hemoglotHa  content  in  the  same  manner  as  from  the  scale  reading  of 
.the  Flei«cU  heroomefw  (see  page  jgg). 
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4.  Tallquist's  Hemoglobin  Scale.—This  consists  essentially  «l  a 
series  of  ten  colors  corresponding  to  stains  produced  by  blood  coDlai^ 
ing  var>'ing  percentages  of  hemoglobin. 

In  using;  this  scale  a  drop  of  blood  is  allowed  to  fall  on  a  small  sectlini  1 
filter  paper  and  the  resulting  color  is  compared  with  the  ten  colore  of  the  1 
When  the  color  in  the  scale  is  found  which  corresponds  to  the  color  of  ibe  bM 
Btain  the  accompanying  henu^Iobin  value  is  read  off  dtrecUy. 

This  is  a  very  convt-nienl  method  for  determining  hemogloWn  at ( 
bedside,     lltcrc  is  a  possibility  of  the  colors  being  inaccurately  pnnti 
however,  and  even  if  originally  correct  in  tint,  under  the  coDtioned 
influence  of  air  and  tight  they  must  eventually  alter  somewhat. 

5.  Thoma-Zeiss  Hemocytometer.— This  is  an  instrument  u«d  i 
"blood  counting,"  i.f.,  in  determining  the  number  of  cr>'throcytcs ud 
leucocytes.  The  instnmicnt  consists  of  a  microscopic  slide  constnicUd 
of  heavy  gUss  and  proWded  with  a  central  counting  cell  (see  Fig.  95. 


Fic.  PS.— Thoma-Zeiss  Cotn-iiwe  CiuiatKa.    (fti  Coito.) 

bdow).  TTiis  cell,  with  the  cover  glass  in  position,  Is  exactly  o.) 
deep.  The  floor  of  the  cell  is  divided  by  delicate  lines  into  squares) 
of  which  is  1/400  sq.  mm.  in  area  (see  Fig.  97,  page  306).  The  voJub* 
of  blood,  therefore,  between  any  particular  square  and  the  cover  glass 
above  must  be  1/4000  cu.  mm.  Accompanying  each  instrument  iB 
two  capillary  pipettes  (Fig.  96),  each  constructed  with  a  mixing  baft 
in  its  upper  portion,  l^ach  bulb  is  further  provided  with  an  enclix<>) 
glass  bead  wliich  is  of  great  assistance  in  mixing  the  contents  o£  tb* 
chamljer.  'I'he  stem  of  each  pipette  is  graduated  in  tenths  from  tit 
tip  to  the  bulb.  The  final  graduation  at  the  upper  end  of  the  bulbt) 
101  on  the  pipette  used  in  mixing  the  blood  sample  in  which  ibeay 
throcytc*  arc  counted  (crytbrocytometer,  see  Fig.  96),  and  11  m 
the  }»pette  used  in  mixing  the  blood  sample  for  the  Ieucoc)'te  coutf 
(leucocytometcr,  sec  Fig.  96).  In  making  "blood  counts"  with  the 
hemocytometer  it  is  necessary  to  use  some  diluting  fluid.  Tm-o  wry 
satisfactory  forms  of  fluid  for  tliis  purpose  arc  Toison's  and 
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"s  solutions.'  ,  When  dthcr  o(  these  solutions  is  used  as  the  dilut- 
i  it  is  possible  to  make  a  very  satisfactory  count  of  both  the 
cytcs  and  leucocytes  from  the  same  prci>ara- 
ice  the  leucocytes  are  stained  by  the  niethyl- 
t  methylcnc-bluc. 


ovntbc  tb«  eiTtfaiocytes  by  means  of  (he  bemo- 
tr,  iKoceed  as  follows:  Tboroughly  cleanse  the  tip 
ager  or  lobe  of  tbe  ear  o(  (he  subjec(  by  the  use  of 
1  w«t«r,  alcohol  and  etber  applied  in  the  sequence 
HL  Puncture  the  sidn  by  means  of  a  needle  or 
Old  aQow  the  blood  drop  to  form  without  pressure, 
e  tip  of  tbe  pipette  in  contact  with  the  blood  drop, 
refui  to  aroid  touching  the  skin,  and  draw  blood  into 
tte  up  to  the  point  marked  0.5  or  i  according  to 
red  ditulion.  Rapidly  wipe  the  tip  of  tbe  pipene 
lediately  till  it  to  the  point  marked  101  with  Toison'a 
ingtou's  solution.  Now  thoroughly  mix  the  blood 
tting  fluid  within  the  mixing  chamber  by  tapping 
tte  gently  against  the  dnger,  or  by  shaking  it  while 
urety  with  the  thumb  at  one  end  and  the  middle 
It  the  other.  After  the  two  fluids  have  been 
ily  mixed  Hie  diluting  fluid  contained  In  the  capil- 
e  below  the  bulb  should  be  discarded  in  order  to  in- 
!  collection  of  a  drop  of  the  thoroughly  mixed  blood 
ting  scdution  for  examination.  Transfer  a  drop  from 
tte  (o  tbe  ruled  floor  of  the  counting  chamber  and, 
dug  the  corer-glass  firmly  in  portion,'  allow  an  in- 
'  «  few  minutes  to  elapse  for  the  corpuscles  to  settle 
aaldng  the  count  Now  place  the  slide  under  the 
)pe  and  count  the  number  of  erythrocytes  in  a  num- 
iquares,  coimling  the  corpuscles  which  are  in  con- 
h  the  upper  and  the  right-hand  boundaries  of  the 


V 
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nc.  96.— TaowA- 
Zkiss  CAriLLAiy 
PiPEnrs. 
A.  Erytbrocytometer; 

B,  Leucocytometer. 


tai't  solution  has  the  following 


CbrideV. 
u^khau. 


watu. 


0.015  gfsni- 
I  gram. 
8  grams- 
JO  gramf. 
160  Krains. 


ShcrriagtoD'ft  solution  hsi  the   fuUowIog 

formula: 

Mclhylenc-bliic, .  0,1  gmm. 

Sixlium  cliluride t.>|{ram. 

Neutral  potassium  oxalate i.i  gram. 

nistillrd  water .     joo.o grant, 


c  covcr-glon  ia  in  accurate  npnoi^itinn  lo  the  counting  cell  Newion's  rings  may  be 
)Krv«d,  Eu»tls  (Jour.  Am.  u<il.  Atm.  6t,  iuS4,  1913)  miggoia  tli«  following 
''After  the  unial  sbakiDg  o[  tlie  pipeite.  uicl  cipulflon  of  a  few  drop*  oi  the 
n,  a  good  rixed  drop  ii  plncc]  on  Che  counting  chRmbcr,  no  particniac  atten> 
jg'ltala  to  its  UM.  Thr  covcr-jtlas^,  wbich  has  bctn  previously  cleaned,  Is 
Uly  grasped  between  the  thumband  milci-fioKer  of  the  tight  hand,  while  the 
kMiMon  the  table  with  the  Mi  hnml.  While  firm  prruurc  lii  rented  on  the 
H  It  If  rapidly  *lid  act04»  the  couniiiiK  chunber,  tbrouuh  the  drop  of  suspen- 
jt.  The  raver-glass  will  cut  through  the  drop  at  exactly  o^t  mm.  The  eiceM 
drop  vrill  rixe  on  top  of  the  cn^er-glaM  and  jump  octom  the  moat.  Newton'* 
I  be  obtained  in  each  in&iancc.  The  drop  on  (op  of  tlic  edge  of  the  covcr- 
Iped  or  »oaked  up  wi(li  the  point  of  atowcl  or  blotting-paper  and  tbe  preparation 
MA." 
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square  as  belonginK  to  that  square.     Tak«  the  squares  in  some  de 
qncnce  in  order  that  the  recounting  of  the  same  corpuaclcs  tnay  be 
A  satisfactory  procedure  is  to  begin  in  the  upper  right-hand  comer  and  ] 
from  left  to  ri^t  counting  the  cells  in  each  individual  square.    Take 
lower  row  of  £<tuarc6  and  count  from  left  to  right  and  so  on  I'scc  Fig.  i« 
311).     Of  course,  ail  things  being  equal,  the  greater  the  number  of  squ 
amines!  the  more  accurate  the  count.    It  is  considered  essential  under  I 
cumstances,  where  an  accurate  count  is  desired,  that  the  couattog  < 
shall  be  filled,  at  least  twice,  and  the  individual  counts  made  in  each  in 
as  indicated  above,  before  the  data  are  deeme<)  satisfactory.    Under  m\ 
tiatm  should  le^  than  100  squares  be  examined. 


Fic.  97. — OsDiiiiABY  Ruling  or  'I'moka-Zeiss  CorxnMC  CsAiisca.    (Di 

To  calculate  the  number  of  erythrocytes  per  cubic  milliml 
undiluted  hlood  proceed  as  follows:  Determim*  the  number  < 
puscles  in  any  gi\'cti  numbtT  of  squares  and  divide  this  total  I 
number  of  squares,  thus  obtaining  the  average  number  of  cr>-thi 
per  square.  Multiply  this  average  by  4000  to  obtain  the  nun 
erythrocytes  [kt  cubic  niillimi'ler  of  diluted  blood,  and  multipd 
product  by  100  or  200,  according  to  the  dilution,  to  obtain  the  nui 
erj-throcytcs  per  cubic  millimeter  of  undiluted  blood.     Thus: 

|>f  r  K]uatc  X4000X  »00(or  100)  -      ^^^^^^  millinirtcr. 

Great  care  should  be  taken  to  see  that  the  capillary  pipette  i 
etly  cleaned.  After  using,  it  should  be  immediately  rinsed  out « 
diluting  fluid,  Ihen  wilh  water,  alcohol,  and  ether  in  the  sequence 
Finally  dry  aJr  should  be  drawn  through  the  capillary  and  a  h 
inserted  to  prevent  the  entrance  of  dust  particles. 

In  counting  leucocytes  by  means  of  the  hemocytometer  proceed 
As  mentioned  above,  if  the  diluting  fluid  is  either  Toison's  or  She 
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nlotioii  the  leococytM  mty  be  counted  io  the  same  specimen  of  blood  in  which 
flw  erythrocytes  are  counted.  When  this  is  done  it  is  customer^  to  use  a  slide 
invided  with  Zeppen's  modified  ruling  (Fig.  981.  This  method  is  rather  more 
Ucurate  than  the  older  one  of  counting  the  leucocytes  tn  a  separate  specimen 
afUood.  Furthermore,  it  is  obviously  preferable  to  cotmt  both  the  eryth- 
rocytes and  the  leucocytes  from  the  same  blood  sample.  To  insure  accuracy 
flu  number  of  leucoc^es  within  the  whole  ruled  region  should  be  determined  in 
du^icate  blood  samples.  This  includes  the  examination  of  an  area  eighteeo 
timet  as  great  as  the  old  style  Thoma-Zeiss  cenUal  ruling.  This  region  then 
eould  correspond  to  j6oo  of  the  small  squares  and,  if  duplicate  examiaatioos  were 
made,  the  total  bumbcr  of  small  squares  examined  would  aggregate  7200. 

The  calculation  would  be  as  follows: 

SiHobtr  of  leucocytes  In  7W0  „„_„ j..__  Number    of    tcucocyus  per   cwWc 

tqnue*  Xk»X«ooo+7»o-      „aiiineter. 


'*■  »*.— Zapw.bt's  MoDiricu  Rctisc.oF  Thom\-Zetss  CotiKTixc  Ciunam.  (Da  C«tu.) 


1  »<*.  I 

V    If  a  Zappert  slide  is  not  available,  a  good  plan  to  follow  is  to  place  a 

■&;iragm  in  the  tube  of  the  ocular  of  the  microscope  consisting  of  a 

wde  of  black  cardboard  or  metal'  having  a  square  hole  in  the  center  of 

wch  s  sue  as  to  allow  of  the  examination  nf  exactly  100  squares  or  onc- 

''Whof  ii  square  millimeter  at  one  time.     With  this  arrangement  any 

poniDa  pf  the  specimen  may  be  examined  and  counted  whether  within 

Of  »itIioui  the  ruled  area.     In  counting  by  means  of  this  device  il  is,  of 

l^Oourse,  helpful  if  the  microscope  is  provided  with  a  mechanical  stage, 

jBnlevcn  mthout  this  arrangement,  if  the  observer  is  careful  to  see  that 

the  lcucDC>-tcs  at  the  extreme  boundary  of  one  field  move  to  the  opposite 

bouDdary  when  the  posiiiun  of  the  slide  is  clianged,  the  device  may  be 

Eittsfactorily  emplo\^ed.     'ITie  leucocytes  should  be  counted  in  36 
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of  the  diaphragni-lietcls  in  duplicate  specimens  and  the  calculation  nu^ 
Id  the  same  munner  as  explained  above.  ■ 

If  the  leucocytes  are  counled  in  a  separate  specimen  of  blood  ordina- 
rily the  dilutini;  fluid  is  0.3  0.5  per  cent  acetic  acid,  a  fluid  in  which  iht 
leucocytes  alone  remain  visible.  Under  these  conditions  the  dilution  ii 
customarily  made  in  the  pi|K-t(e  having  1 1  as  the  ftnal  graduation.  The 
capillary  portion  is  of  larger  caliber  and  so  requires  a  greater  amount  ot 
blood  to  fill  it  to  the  0.5  or  i  mark  than  is  required  in  tlic  use  of  the  other 
form  of  pipette,  In  counting  (he  leucocytes  according  to  this  method  it 
is  customar>'  to  draw  blood  into  the  pipette  up  to  the  i  mark  and  im- 
mediately fill  the  remaining  portion  of  the  apparatus  to  the  ii  grsdiu- 
lion  with  the  0.3-0.5  per  cent  acetic  add.  It  then  remains  to  count  thf 
number  of  leucocytes  in  the  whole  central  ruled  portion  of  400  squirci. 
This  should  be  done  in  duplUate  samples  and  the  calculation  madej 
follows: 
Number    cA    bucocytn    in  800  s,,„_*^-._j^o„     Numljer    of   leuoocytc*  per 

6.  BUrker's  Uentocjrtonieler.i — TliiK  \»  an  improved  apparutiu*  for  lite 
accurate  couminf;  of  ir^'Uirocytcs  than  is  possible  by  the  Thoma-Zcba  ap 
Tlie  (triiiciples  involved  are  somewhai  ilillerenl  from  Uiosc  in  (otci;  with  lh«l 
apparatus.     For  example,  ihc  blood  is  diluted  in  a  separate  vcskI,  not  in  the) 
with  which  llie  umple  is  drawn,  and  (urlhermore  the  €0vcr-g)uu  la  applied  to  I 
Opunling  chamber  and  damped  in  place  bfjore  the  diluted  blood  is  apfitird  tol 
rukd  area.     Hayem'tt  solution'  is  umA  as  the  diluting  fluid.    Tmnou's  solutiotfj 
not  SBtisfactor}-  for  use  with  ihc  BQrkct  counlinK  chamber  n*  its  viMouty  bl 
great.    The  corpuscles  settle  rapi<lly  in  Haycm's  fluid  as  the  specific  gravity^ 
fluid  is  1015  wheren*  ihnt  al  the  erythtocytr-K  is  logo. 

The  pipette  for  mcnsiiilng  the  quantity  of  blood  (¥ig.  oq,  upper  pipctts)) 

point  which  is  nut  ground  dull  but  ix  polished.     I'hb  ailun't  uf  better  ju  

deciding  whether  the  column  of  btood  extends  to  the  very  tip.     ITie  voluDK  (^ 
the  pipette  heiween  tip  and  murit  i»  35  eu.  ram.     TIk  mark  extends  all  Ibc  ■ 
around  the  tube  so  that  errors  ot  parallax  may  be  avoided. 

The  pipette  for  nieaiuiing  tht  diluting  fluid  (Fig.  00,  middle  pipette)  al»»l 
a  polished  point  and  circular  mark  and  delivers  4i>;5  cu.  mm.  This  vobiaaK* 
diluting  lluid  with  15  cu.  mm.  of  blood  gives  a  dilution  of  t  :300.  Bothpiprttt 
arc  provided  with  a  pit^'c  ot  rubl)LT  tubing  and  mouthpiece. 

For  transferring  the  diluted  blood  from  the  diluting  Rusk  to  the  duffbcf  I 
plain  pipette  provided  with  a  rubber  cap  is  used  (Fig.  00,  lower  pipette).    I' ^ 
filled  by  pressing  the  cap  i^Iowly  with  the  index- linger,  inserting  tliu  tjp  'Mi^» 
liquid  and  then  releasing  the  pressure. 

■  BUrktr:  PJlUfcr't  Archir..  141.^37,  tgti;  itaitth.m^.WMli.,S9,VP-  t4*l>d^'* 

'  Minufnctured  by  C,  Zeiss.  Jena, 

*  Haytm's  solution  hai  the  foJIowinK  formula: 

A!crcuric  chlnrldc  .      .  o  >5  Rtan- 

Sodium  chlDfiilc. .  o,  sgnua. 

Sodium  sulphate.  .     i.   5  gram*. 

/>jsrUled  water ..\ott    01 
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The  diluting  U  done  in  &  small  round -bottomed  Ibsk  as  shown  in  Fig.  go, 
Scwnl  til  thtst  fluk*  sliould  be  kept  un  hand  id  a  wooden  rack  which  will  hold 
ihcm  in  an  upright  position.  Each  tinsk  h  )iro\'i(lc<l  with  a  jiainfiincd,  or  smooth 
cock  Mopp«r. 

In  the  older  coanting  cbambcn  the  Boor  of  tliv  chamber  i*  circular  nnd  the 
counting  is  done  in  the  center  of  thi§  space,  'llic  corpuscles  arc  therefore  counted 
in  ibc  center  of  a  capiliury.  circuUi  fdm  where  on  account  of  surface  teoidon  their 
liwnbcr  is  {lightly  greater  thnn  clKwhcre.  Thi«  source  of  cnor  h  nvoidcd  in  the 
new  ontnting  chamber  (Fig.  tot)  in  which  the  door  i»  represented  by  the  upper 
tUffacc  of  a  piece  of  glius  15  nun.  long  and  5  mm.  wide  which  is  rounded  ofT  at  both 
tads  and  divided  into  tieo  portions  by  a  groove  1,.;  mm.  wide  through  the  center. 


Fie.  M. — BSxkes'r  I'trtms,  Mixing  Flasks  and  Couxtikc  Ciuubes. 

.Xl  each  tide  of  this  Soot  piece,  separated  from  ii  by  a  groove  is  a  glass  plate 
(T-S  iwu.  X  ii  mm.)  of  such  height  ihal  the  space  between  the  lloor  »f  the  cell 
ad  a  cover-glaas  placed  across  the  platen  is  o.ioo  mm.  A  cover-glass  ij  mm. 
iong  utd  11  mm.  wide  with  rouniled  polished  edges  !s  used  90  that  the  rounded 
trnUoi  the  ilooT  piece  project  beyond  it.  The  chamber  i»  provided  with  clampi 
tnpttis  the  cover-glavi  firmly  upon  both  plates  (Pig.  99). 

The  niUng  on  each  portion  of  Ibc  Hooc  piece  ii  that  shown  ia  Fig.  too,  which 
■ill  be  explained  below. 
ileaturint  '^tf  Diluting  Fluid. — Four  thouA-ind  nine  hundred  and  seventy-five 

*  bDL  of  diluting  fluid  lllayem's)  arc  measured  out  into  the  diluting  flask.     To 

*  this  ihc  pij>eite  i*  hlled  by  suction  to  slightly  above  the  mark  and  the  rubber 

tabe  Is  carefully  clamped  off.    Then  with  a  tuft  piece  of  linen  the  tiji  is  iriped  dry. 

rfce  ntniscu:!  is  then  accurately  adjusted  to  the  mark  by  lightly  touchvaHtti  vm^ 

«  the  Fapettc  to  the  cleaned  tip  o(  the  finger.    The  jAptXlt  is  vWn  "niaetX^VK^a 


i 
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the  diluting  fla&k  and  with  the  tip  nearly  touching  the  bollora  of  lli«  flask  i 
is  Alloit'cd  ti>  run  out.  Tbi:  time  i>f  the  lluw  thoulil  l>«  about  (orly  tecoads  sad  ii 
controlled  by  placing  the  lip  of  tiic  indci-fingcr  looM>ly  upon  ibe  moutHpiea. 
The  pipellc  is  emptied  completely  by  alleinatdy  blowing  through  it  and  toucfaioj 
it  to  the  v,-all  of  the  Huk  slightly  above  the  level  of  the  liquid.  The  drops  dintint 
to  th«  wall  arc  united  with  the  bulk  of  the  liquid  by  a  suitable  motion  of  the  Bast. 
The  iiiuk  is  then  stoppered,  caie  being  taken  (roni  now  od  that  none  of  the  liquid 
«vcr  touches  the  neck  of  the  flask  or  the  stopper. 

Tating  the  Kood  SampU.~\J%aal\y  the  best  lime  to  draw  the  blood  is  befon 
breakfast.  For  n  sin^c  detcnninatioD  the  author  prefers  to  draw  it  from  the  tij) 
of  the  fourth  finger  of  the  left  hand.  For  repeated  delenninaiiuns  il  is  mil  to 
change  gff  between  third,  fourth  and  fifth  fingers  of  left  hand.  The  tempemten 
of  the  room  should  not  be  below  i7"C.  to  prevent  an  undue  contraction  of  thr 
cutiiiieinu  vessels.  I'he  instrument  used  to  puncture  the  finger  should  have  t 
chisel-shaped  point  which  is  picfcxablc  to  the  ordinary  lancet-shaped  point.    Tie 


FlO,   1O0-— RULUJC  OF   BfiBKER  CoCTiTlNC  CiuiiaKB. 

first  drop  of  blood  is  wiped  oB.  Into  the  second  one  the  tip  of  tbe  pipette  i)  ^ 
ted  and  blood  ix  drawn  in  until  the  meniscus  is  even  with  or  a  little  bcyDul I 
rk.  The  tip  is  then  wiped  off  without  touching  the  capillary  opening  and  1^ 
observer  assures  himself  that  tbe  column  of  blood  extends  to  the  very  rad  <if  >^ 
capilluy-    Tbe  meniscus  is  then  accumlel)'  adjusted  to  the  mark. 

Mixins  of  Ike  BUwd  and  DUulmg  Flutds.—Tbe  tip  of  the  pipette  is  now  d^ipni 
into  the  diluting  lluid  which  hux  been  measured  into  the  flask  and  the  blwd  ■> 
slowly  blown  out.  The  blood  having  a  much  higher  specific  gravity  ibaa  ib( 
Hayem's  fluid  sinks  to  tbe  bottotn.  The  pipette  is  then  tilled  with  the  pure  nipf 
natant  diluting  fluid  and  emptied  again,  care  being  taken  to  avoid  ait  bubbks 
This  is  repeated  untU  the  blood  is  removed  as  completely  as  possible.  To  nm  tl* 
blood  and  diluting  fluid  the  flask  is  rotated  for  two  nunvles  in  spiral  tvrvts  v 
continually  decreasing  radius.  The  motion  should  be  alternately  dockirist  >>' 
counterdockwite.  .After  complete  mixing  the  pipette  is  rinsed  out  sc^enil  tiox* 
with  tbe  diiutcA  blood. 
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oral  0}  the  DUnted  Blood  to  At  Chancer. — The  counting  chamber  which 
idttned  with  distilled  water  and  alcohol-ether  and  then  wiped  dry  with 
b  as  free  from  lint  as  possible  is  placed  upon  a  blact  surface  and  carefully 
itb  a  camel's  hair  brush.    The  cover-glass  is  now  placed  ovei  the  chamber 

it  over  the  two  glass  plates  with  both  thumbs  while  the  index-fingers  are 
:  down.  By  means  of  the  clamps  it  is  held  in  place  firmly  so  that  New- 
i  (if  possible  of  the  first  order:  brown  and  black)  may  be  seen  over  the 
I  of  the  plates.  The  chamber  is  placed  upon  the  stage  of  the  microscope 
ught  into  a  horizontal  position. 

transferring  the  diluted  blood  to  the  chamber  the  fiasii  must  he  shaken 
inutes  as  described  before.  The  liquid  shows  a  cloudy  appearance  and 
Uowed  to  stand  imtil  the  turbidity  has  become  uniform. 

the  plain  pipettes  described  above  is  now  inserted  into  the  diluted  blood 


S 

t 

6 

a 

^I 

I 

- 

- 

- 

-5 

|_ 

8 

- 

- 

_ 

- 

-9 

9 

^ 

- 

- 

- 

-13 

IS 

I 

f 

i 

i 

1 

1 

Fic.  loi. — Schema. 


ht  pressure  b  being  exerted  on  the  rubber  cap.  The  pressure  is  released 
d  the  liquid  rises  into  the  pipette.  The  point  of  the  pipette  is  now  im- 
■  idaced  upon  one  of  the  projecting  ends  of  the  floor  plate  and  very  slight 
s  eierted  on  the  rubber  cap  until  the  liquid  coming  from  the  pipette  just 
he  cover-glass  when  the  pressure  is  released.  An  instantaneous  filling 
lillaTy  apace  results.  The  pipette  should  be  emptied  immediately,  rinsed 
illed  water  and  placed  in  an  upright  position  in  a  beaker  of  water.  The 
tion  of- the  counting  chamber  Is  now  filled  in  the  same  way  with  a  second 
id  about  one  minute  is  allowed  for  the  settling  of  the  corpuscles.  During 
the  pipettes  may  be  washed  with  distilled  water  and  ether-alcohol  and 
suction.  Occasionally,  the  pipettes  should  be  cleaned  with  a  horse  hair 
concentrated  HjSO^  containing  a  little  KzCriO?. 

!  whether  the  distribution  of  the  corpuscles  has  been  unifotm  the  tKarriat^ 
ated  wkb  a  wide-open  diaphragm  and  viewed  at  an  an%\e.    \l  Wt  o^^iiVj 
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is  not  unifonn  in  either  of  the  portions  qf  the  chamber,  that  one  should  not  be  used 
for  counting.  If  the  counting  must  be  interrupted  or  requires  a  long  time  a  meat 
chamber'  should  be  used  to  prevent  evaporation  of  the  diluting  fluid.  The  dflattd 
blood  m&y  be  retained  in  the  mixing  flasks  and  dupUcate  countings  obtained  afta 
the  lapse  of  twenty-four  hours  or  more  according  to  BUrker. 

Counting  and  Calculalion. — A  mechanical  stage  movable  in  two  directiosj  ii 
indispensable.  With  a  magnification  of  330  diameters  the  counting  is  begun  ii 
the  left  upper  corner  of  the  ruling.  Proceed  from  left  to  right  along  one  row  thn 
move  from  right  to  left  along  the  next  lower  row,  and  so  on.  Only  the  nul 
squares  are  used  for  counting  (see  Fig.  100}  and  the  figures  are  recorded  to  the 
schema*  (see  Fig.  101)  in  which  the  squares  crossed  by  horizontal  or  vertical  Kbb 
correspond  to  the  small  squares  used  for  counting.  Usually  80  squares  are  counted 
and  by  recording  the  figures  in  the  schema  the  count  may  be  verified  and  an  idetef 
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Fig.  103.— BHsKEi  Counting  Chambu. 

the  uniformity  of  the  distribution  may  be  formed.  Half  of  the  counted  sqni"* 
should  be  in  the  one,  half  in  the  other  portion  of  the  counting  chamber.  Ftf 
more  accurate  measurements  more  squares  may  be  counted. 

The  observer  will  do  well  not  to  attempt  counting  each  individual  corpus" 
in  a  square.  After  some  practice  each  typical  group  of  corpuscles  will  inunediitoy 
suggest  a  number.  A  very  common  form  of  grouping  is  one  corpuscle  aurrouwW 
by  four  others.  This  should  immediately  suggest  the  number  five.  In  this  *4 
the  counting  will  become  more  rapid  and  also  more  reliable. 

The  calculation  is  very  simple.  The  number  of  corpuscles  in  80  squu** 
divided  by  100  will  give  the  number  of  millions  per  cubic  millimeter.  Ifj*'"' 
example,  536  corpuscles  have  been  counted  in  80  squares  then  with  a  dfluti*' 
of     I  r  200  the  number  of  corpuscles  per  cubic  millimeter  is  5,360,000.   Th* 

V^  X4oooX3oo=s,36o,ooo  erythrocytes  per  cubic  millimeter.     More  than  t" 

decimal  places  are  without  signiticance. 

'Barker:  Pfi&ger's  Archiv,  118,  465,  igoi.  a^ 

*  The  Srm  of  H.  Laupp  in  Tubingen  has  put  this  ?di«Taa.oaliitin»A.A'ia's«to*w' 
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MILK 

Mn.K  is  the  moot  satisfactory  individual  food  material  elaborated  by 
laturc.  It  contains  the  three  nutrients,  protein,  fat,  and  carboliydrale 
Jid  inorganic  salts  in  such  proportion  as  to  render  it  a  very  acceptable 
lietarj'  constituent.  It  is  a  specific  product  of  the  secretory  activity  of 
be  mammary  gland.  It  contains,  as  the  principal  solids,  olein, 
)almUin,  sUarin,  butyrin,  casein,  lail-albumin,  iacto-globulin,  lactose, 
^pkaifs  of  calcium,  potassium  and  magHtsium,  citrates  of  sodium 
md  potassium  and  chloride  of  caUium.  The  calcium  phosphate  of 
mlk  is  the  nrulral  calcium  phosphnle,  CaHPOt-'  Milk  also  contains 
nme  iron  but  not  cnou^  for  the  needs  of  the  body  if  milk,  is  the  only 
wurce  of  the  iron.  It  also  contains  at  least  traces  of  lecithin,  cholesterol, 
urea,  creatine,  creatinine,  and  the  tri-glyccri(ies  of  caproic,  lauric,  and 
myristic  acids.  According  to  Osborne  and  Wakeman-  milk  contains 
two  phosphatides,  one  bcini;  probably  stearyl-olcyl-lecithin. 

Recent  investigations  inci'cate  the  presence  in  milk  of  some  sub- 
stance or  substances  of  unknown  characlcr  vthich  arc  oi  great  nutritional 
importance.  The  presence  of  a  growth-promoting  substance  (vitainJne) 
iif  butter  fat  has  been  demonstrated  by  McCoIlom  and  iJavns  and  by 
Osborne  and  Mendel.^ 

By  passing  milk  through  a  special  form  of  earthenware  liltcr  Van 
Slyke  and  Bosworth*  have  obtained  a  separation  of  the  constituents  in 
milk  which  are  in  true  solution  from  those  insoluble  in  water  or 
m  suspension.  The  soluble  constituents  and  the  water  constitute 
ailk  serum.    Tliey  suggest  the  following  classitication  of  milk 

Slitucnts: 

CONSTITUENTS  OF  MILK 


1  true  iolglion  in  milk 


Partly  io  Mlution  and 
parity  in  nutpcngion  or 
<«lloi<)Hl  !iolul!oa, 

I.  Albumin. 

}.  Icu^anic  phcaphatc. 

3.  C*kiuin. 

5.  M&gnr«ium. 


Eoiirely  in  tutncniion 
or  colloidal  solution. 


LlactOK.  I.  Albumin.  i.  Fat. 

9.  Quk  acU.  1.  Icurganic  phojphatc.  1.  CbmIh. 

i-  PoUmuuoi. 

4.  Sodium. 

5.  Chlorine. 

^'Vga  Slyke  and  Boiworth:  Jour,  Biol.  Chtm.,  39, 135,  igtj. 

'Olbome  and  Wakcmks:  Joui.  liiol.  Cktm.,  u,  J^g,  iQiS' 

'McCoUom  antl  Di)vi§:  Jmir.  Biol,  Ckim,,  15,  167,  191  j;  CHborne  and  McDdd;  ibUt 
6311,  iflij;  1*.  j7,  toi6  ipri'vioui  reference*  eiled  in  thb  tinlc^), 
^' Via  Slyke  Md Sotrortii:  Jaiir.  Bial.  Cit».,  10,  13s,  »9'5- 
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Fresh  milk,  both  human  and  cow's,  is  amphoteric  in  reaction  to 
litmus  and  acid  to  pkenolphthalein.  The  acidity  is  believed  to  be  doe 
in  part  at  least  to  soluble  acid  pkospkaks.^  Upon  standing  for  t 
sufficiently  long  time,  unsterUized  ni'lk  sours,  i.e.,  it  becomes  strong 
acid  in  reaction  to  litmus  due  to  the  production  of  the  optically  in- 
active fermentation  lactic  acid, 

H    OH 
H— C— C— COOH, 

r  I 

H    H 

from  the  lactose  contained  in  it.  This  is  brought  about  through 
bacterial  activity.  The  white  color  is  imparted  to  the  milk  partly 
through  the  fine  emulsion  of  the  fat  and  partly  through  the  medium  of 
the  caseinogen  in  solution.  The  specific  gravity  of  milk  varies  some- 
what, the  average  being  about  1.030.  Its  freezing-point  is  aboat 
-o.56°C. 

This  lactic  acid  Jermenlaiion  may  be  brought  about  by  Bad.  lact£^~ 
and  other  microorganisms.     Certain    putrefactive  bacteria  in  thu« 
human  intestines  may  also  cause  lactic  add  fermentation.     The  cheir». 
ical  changes  iu  lactic  add  fermentation  may  be  indicated  thus: 

C„H„Ou+H,0-*C^hO,+CJI„0, 

Lkctoie.  GslactOM  GIucoM, 

C(iHiiOg-»2C^.O. 

(>mlActoK         Lactic  Acid. 
CM*  G^ucoie. 

Fresh  milk  does  not  coagulate  on  being  boiled  but  a  film  consisting: 
of  a  combination  of  casein  and  caldum  salts  forms  on  the  surface. 
If  the  film  be  removed,  thus  allowing  a  fresh  surface  to  come  into 
contact  with  the  air,  a  new  film  will  form  indefinitely  upon  the  applica- 
tion of  heat.     Surface  evaporation  and  the  presence  of  fat  facilitate 
the  formation  of  the  film,  but  are  not  essential  (Rettger').    As  Jamison 
and  Hertz'  have  shown,  a  similar  film  will  form  on  heating  any  protan    , 
solution  containing  fat  or  paraffin.     If  the  milk  is  of  a  pronounced    ; 
acid  reaction,  through  the  inception  of  lactic  add  fermentation,  or  ftoni    ■ 
any  other  cause,  no  film  will  form  when  heat  is  applied,  but  instead  1     . 
true  coagulation  will  occur.     When  milk  is  boiled  certain  changes  occur    > 
in  its  odor  and  taste.     These  changes,  according  to  Rettger,*  are  doe 
to  a  partial  decomposition  of  the  milk  proteins  and  are  accompanied 
by  the  liberation  of  a  volatile  sulphide,  probably  hydrogen  sulphide. 

'  Rettf-er:  American  Journal  of  I'liyswingy,  -,,  5^5,  iqoj. 
'Jamison  and  Hertz:  Joiirn-it  nf  Phyiirlogy,  21,  26,  1901. 
' kctlgve:  American  Journal  lif  Plivsioiujv,  ti,  ^^o,  iqoi. 
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milk-curdiing  caz>-mes  of  the  gastric  and  the  pancreatic  juice 
KvK  the  power  of  splitting  the  casein  of  the  milk,  through  a  process  of 
bydrolytic  cleavage,  into  soluble  paracasein  aod  a  peplone-Uke  body. 
1%  soluble  paracasein  then  forms  a  combination  with  the  soluble 
cakium  salts  of  the  milk  and  an  insoluble  curd  of  paracasein  results. 
■Rie  dear  fluid  surrounding  ilie  curd  is  known  as  whey.  'I"his  action 
olrennin  may  be  represented  by  the  following  scheme: 

Casein  (+  rcnnini 


I 
Peptone-like 
body 


Soluble  paracasein 

+  CasaIU 

I 
Paracasein 

(in^iuble  curd) 


Flo.  103.— Normal  Max  and  CoLOsntuu, 
a,  Nonnal  milk;  b,  Colontnun. 

Tlere  is  stil!  considerable  confusion  of  terms  m-hen  different  authori- 
tifiscuss  milk  proteins  and  the  action  of  milk  curdling  enzymes  upon 
^tm.  The  English  scientists'  quite  uniformly  call  the  principal  pro* 
^a  of  milk  caseinogen  whereas  the  insoluble  curd  formed  by  rcnnin  is 
tcnned  casein.  On  the  other  hand,  the  Germans  and  many  Americans 
pve  ihc  name  casein  to  the  milk  protein  and  paracasein  to  the  product 
°f  the  action  of  rennin  upon  this  protein.  The  confusion  of  terms 
■Bay  be  represented  thus: 

m  English  German. 

^^^  Casdnogcn.  =  Casein. 

^^■CaseJn.  =  Pat&ca&dii. 
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The  most  importaat  difference  between  human  milk  and  cot't 
milk  is  in  the  protein  content,  although  there  are  also  differences  in  the 
carbohydrate  and  ash  and  likewise  striking  biological  differences  diffi- 
cult to  define  chemically.  It  has  been  shown  that  the  casein  of  human 
milk  differs  from  the  casein  of  cow's  milk  in  being  more  difficult  to 
precipitate  by  add  or  coagulate  by  gastric  rennin.  The  casein  curt 
(paracasein)  also  forms  in  much  looser  and  more  flocculent  manw 
than  that  from  cow's  milk  and  is  for  this  reason  much  more  easily 
digested  than  the  latter.  Both  human  and  cow's  milk  contain  im- 
portant non-nitrogenous  substances  of  an  unknown  character.  Humu 
milk  contains  the  greater  quantity  of  these  substances.' 

The  relative  composition  of  human  and  cow's  milk  is  ^own  in  the 
following  table  which  embraces  data  reported  by  Meigs  and  Marsh. 

COMPOSITIONOF  MILK  (PER  CENT  OF  WHOLE  MILK)  NORMAL  VARIATIONS 
FROM  BEGINNING  OF  SECOND  MONTH  OF  LACTATION 


1 

1 

Constituent 

'              Cow              j 

Hunun       ' 

Water  (Avg-). 

87-0               1 

87. S          1 

'  SoUds(Avg.). 

13.0 

"S 

4-»-S 

i.S-o-7 

Fat 

1 

»-4 

»-4            1 

Sugar 

3-S-S 

1 

6-7-5 

Ash 

0.6-0.7 

o.a-o.j 

The  above  data  indicate  that  human  milk  contains  less  pnteit,   ' 
more   sugar   and   much  less  ash  than  cow's  milk.    The  percentije 
composition  of  human  milk  at  different  periods  is  represented  in  the   ; 
following  table.* 

PERCENTAGE  COMPOSITION  OF  HUMAN  MILK  BY  PERIODS  ' 


Period 

■ 
Fat  Sugar  Protein 

Casein 

Albumin 

Coloslrum  (i-ii  days) 

-...'». 83    7.S9      1  2S 

1 
0.31    ij.*l 

4-37    7-74     i-s6 

0.14  1  >3'*i 

Mature  (1-9  raos.) 

3.26    7.50     1. 15 

0.43 

o.7» 

O.M   1  Il.t 

, 1 

....  3.16    7.47  '   I-07 

0.32 

0-75 

1 
o.ao'iMl 

1 

^  Meigs  and  Marsh:  Jour.  Binl.  Chcm.,  r6,  147,  1513. 
'Holt,  Courtney  and  Pales:  Am.  Jour.  Dis.  Childrtn,  \a,  «^,  i-I^V 
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compa^ition  of  the  ash  of  milk  is  shown  ia  the  following  table 
i  by  Holt,  Courtney  and  Fales.' 

PERCENTAGE  OOMI'OSITION  OF  THE  ASH  OF  MILK 


M                                            CaO 

,  MSO 

P«Ot    1    NaiO 

EiO 

a 

N.7 

i6.ti        7. 3 

rf-i   16.51 

m 1  ''■' 

,.» 

aft.S    I    7-' 

14-9  pa-tj 

!  obser\-ed  that  the  composition  of  the  ash  of  the  two  varieties 

is  about  the  same  exrept  for  phosphorus.     The  higher  phos- 

contcnt  in  the  case  of  cow's  milk  is  due  principally  to  the  fact 

B  milk  contains  a  higher  percentage  of  iiisetn  or  pltosplwl>Totein. 

Ul  be  borne  in  mind  that  cow's  milk  contains  on  the  average 

•«  times  as  much  ash  as  human  milk.     ITierefore  unless  cow's 

IS  been  diluted  with  more  than  twice  its  volume,  there  is  still 

as  high  a  concentration  of  the  inorganic  amstituents  as  are 

in  normal  human  milk.    Hence  there  is  no  ncct-ssity  for  the 

3  of  any  of  these  constituents  in  infant  feeding. 

ircsting  data  relative  to  the  composition  of  milk  from  various 

may  be  gathered  from  the  foliowiug  table  wliich  was  compiled 

from  the  results  of  investigations  by  Priischer'  and  by  Abder- 

io  Bunge's  laboratory.     It  will  be  noted  that  the  composition 

oilk  varies  directly  with  the  length  of  time  needed  for  the  young 

larticular  species  to  double  in  weight. 


Pniiiil  ill  wlllch 

100 

Parts  of  milk  cint4la 

iiciKht  of   the 

newborn  U 
tloublctl  lday») 

ipcdcst 

Proleins 

Salts   Calcium 

I 

PhMphoric 

180 

t.6 

0.* 

o.ej3 

o.«47 

60 

9.0 

0-4 

a.t«4 

O.IJI 

*7 

3S 

0.7 

o.tte 

«.107 

11 

3-7 

O.S 

0.197 

0.IS4 

1                •* 

4-9 

e.» 

«.»45 

e.ifia 

.!        14 

S.J 

e.B 

9.MO 

0.30B 

9-5 
9 

7-0 
7.4 

I.O 

1-3 

«.«s 

0.50S 

6 

10.4 

J-S 

0,891        0-99T 

socfction  of  tJie  mammary  glands  of  the  newborn  of  both  sexes 

l  "witches'  milk."    ITie  name  is  centuries  old  and  evidently 

Courtney  And  Falct:  Am.  Joui.  DLt.  Ckildren,  to,  319,  1915. 
ibsr;  Z*il.f.  phyiki.  CIvhU.  h.  18%.  i8gS, 
rlmhlen:  yW,  r6.  4S7.  tSpg;  aad  j;,  pp.  408  and  4Sti  »&«■ 
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refers  to  the  myatory  of  the  useless  secretion.  Basch'  has  recei 
gested  chat  this  secretion  of  "witchc<>  miik"  is  brought  about 
passage  of  hormones  (see  Chapter  on  Pancreatic  Digestion)  fi 
blood  of  the  mother  to  the  fetus. 

Lactose,  the  principal  carbohydrate  constituent  of  milk,  is  an 
tant  member  of  the  disaccharide  group.  It  occurs  only  in  nulk, 
as  it  is  found  in  the  urine  of  women  during  pregnancj',  during  tk 
ing  period,  and  soon  after  weaning;  it  also  occur-,  in  the  urine  of 
persons  after  the  ingestion  of  a  very  large  amount  of  lactose  in  tl 
It  is  not  derived  directly  from  the  blood,  but  is  a  specific  produc 
cellular  acti\ity  of  the  mammary  gland.  It  has  strong  reducing 
is  dextro-rotatory  and  forms  an  osazone  with  phenylhydrazine 
tose  is  not  fermentable  by  pure  yeast.    For  changes  which 


Pia.  io4.~LACTt>£C. 


The 


undergoes  in  liulic  add  JermcnMion  see  page  J14. 
form  of  lactose  is  shown  in  Fig.  104. 

Casein,  the  principiil  prott-in  con:^tiluent  of  milk,  belongs! 
group  of  phosphoprotcins  and  contains  0.7  per  cent  of  ph 
It  has  acidic  properties  and  combines  with  bases  to  produce 
It  is  probably  present  in  milk  in  the  form  of  neutral  calcium  a 
(Casein  Ca*).'  It  is  not  coagulable  upon  boiling  and  is  pred 
from  its  neutral  solution  by  certain  meialiic  salts  as  well  as  upo 
ration  with  sodium  chloride  or  magnesium  sulphate.  Its 
tion  is  precipitated  by  an  exce-ss  of  mineral  add. 

Lactalbuniin  and  lacto-globuUn,  the  protein  constituents 

>  Batch:  UantL  >«nf.  W«ck.,  5H.  iiM,  1911. 

'  B«»wiHth  &D(1  Van  Sl)'k«;  Jaut.  Bio!.  Oem.,  lo.  67,  IQ14. 

■  Vtui  Slyke  ftod  BotirorTh:  Jour.  Bui.  Chem.,  H,  107-1)7,  ■914. 

*V«a  Slykc  unil  Botnorth;  J»ut.  Rial.  Chtm.,  to,  ijj,  1915. 
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Bat  ia  importance  to  casein,  dosely  resemble  serum  albumin  aod 
ttrum  globulin  in  their  general  properties. 

Butter  (milk  fat)  consists  in  large  part  of  oUin  and  palmttin. 
Stearin,  bulyrin.  caproin  and  traces  of  other  fats  are  also  present. 
When  butter  becomes  rancid  through  the  cleavage  of  certain  of  its 
oowlituent  fats  by  bacteria  the  odors  of  caproic  and  butyric  acids  are 
in  evidence. 

The  pigment  of  the  fat  of  cow's  milk  is  made  up  of  carotin  and 
WKthopkylls.  'Ilie  principal  pigment  is  carotin,  an  unsaturated 
Eydrocarbon  pigment  which  is  widely  distributed  in  plants.'  The 
jngroent  of  the  fat  of  human  milk  is  made  up  of  carotin  and  xantho- 
pliyils  in  about  equal  proportions.  Carotin  is  also  probably  the 
pifimeot  of  human  fat.  The  pigment  of  body  fat,  blood  serum,  corpus 
lultum  and  skin  secretions  of  the  cow  is  principally  carotin. 

Colostrum  is  the  name  given  to  the  product  of  the  mammary  gland 
secreted  for  a  short  time  before  parturition  and  during  the  early  period 
of  lactation  (see  Fig.  103,  page  315).  It  is  yellowish  in  color,  contains 
mort  solid  matter  than  ordinary  milk,  and  has  a  higher  specific  gravity 
(1,040-1.080).  The  most  striking  difference  between  colostrum  and 
ordinary  milk  is  the  high  percentage  of  lactalbumin  and  lacto-globulin 
in  the  former.  This  abnormality  in  the  protein  content  is  responsible 
for  the  coagulation  of  colostrum  upon  boiling. 

Such  enzjnnes  as  lipase,  amylase,  galactase,  ratalase,  oxidases, 
peroxidases,  and  reductases  have  been  identified  in  milk,  but  not  all  of 
ihem  in  milk  of  the  same  spedcs  of  animal. 

Among  the  principal  pre-servatives  used  in  connection  with  milk  are 
formaldehyde,  hydrogen  peroxide,  boric  acid,  borates,  salicylic  acid, 

I  salicylates.    The  use  of  milk  preservatives  is  illegal  in  most  states. 


Experiments  o.x  Milk 

L  I.  Reaction. — Test  the  reactioa  o(  fresh  cow'g  milk  to  litmus,  phenolphthalein 
I  Congo  r«d. 
i.  Biuret  Teel.-  Make  the  biuret  test  according  to  directions  given  on 

j.  Hknwcopical  Examination,  -Examine  fresh  whole  milk,  skimmed  or 
Mtrtfucated  milk,  and  colostrum  under  the  microscope.  Compare  the  micro- 
copkal  appearance  with  Fig.  103,  page  ^15. 

4.  Specific  Gravity, — Determine  the  specific  gravity  of  both  whole  and 
Idmmed  milk  (see  page  3141.  Which  posseeses  the  higher  specific  gravity? 
Eiptein  why  this  is  so. 

5.  Film  Formation.~PUce  10  cc  of  milk  in  a  small  beaker  end  boil  a  few 

E.    Note  the  formation  of  a  film.    Remove  the  film  and  best  again.    Does 
>cr  «nd  Ecklea:  Jear.  Biol.  Cktm.,  17,  191 
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the  film  now  fonn?    Of  what  subsUnce  is  this  film  composed?    Th«  bituM  Hs 
wnv  positive;  why  do  we  not  get  a  coagulatioo  here  when  we  heat  to  boJliag? 

6.  Coagulation  Test— Place  about  5  c.c.  of  milk  io  a  teal-tube,  acldlf]rifi|Ui 
with  dihite  acetic  acid  and  heat  to  boiUng.     Do  jou  get  anj  coagulation?    Wtifi 

7.  ActioD  of  Hot  Alkali.  -To  a  little  milk  in  a  test-lube  add  a  few  dropid 
potassium  hydroxide  and  heat.  A  yellow  cxdor  develops  and  gradually  deepeM 
into  a  brown.  To  what  is  the  formation  of  this  color  due?  (S««  Moore's  Test. 
Chapter  II.) 

8.  Test  for  Chlorides.— To  about  5  c.c.  of  milk  in  a  test-tube  add  a  few  droft 
of  very  dilute  nitric  acid  to  form  a  precipitate.  Filter  off  this  precipitate  and  tee 
the  filtrate  (or  chlorides.     Does  milk  contain  any  chlorides? 

9.  Cuaiac  Test.— To  about  5  c.c.  of  water  in  n  test-tube  add  3  drops  ti 
milk  and  enough  alcoholic  solution  of  guaiac  (strength  about  i  :  6o)<  to  came 
turbidity.  Thoroughly  mix  the  fluids  by  shaking  and  observe  any  chance  wtikh 
may  gradually  lake  place  in  the  color  of  the  mixture.  If  no  blue  color  appean 
in  a  lUiort  time,  heat  the  tube  gently  below  6o°C.  and  observe  whether  the 
color  reaction  is  hastened.  In  case  a  blue  color  does  not  appear  in  the  course 
of  a  few  minutes,  add  hydrogen  peroxide  or  old  turpentine,  drop  bj  drop, 
the  color  is  observed. 


UB^j 


Fresh  niJIk  wilJ  frequently  give  this  blue  a>\oi  when  treated  witli  itt 
alcoholic  solution  of  guaiac  without  the  addition  of  hydrogen  peroxide 
or  old  turpentine.  Those  milks  whicli  respond  positively,  fail  to  do  so 
after  boiling  15-20  seconds.  Wliat  substances  beside  milk  respond  to 
this  test?    See  discussion  on  page  258. 


10.  Differentiation  of  Human  and  Cow's  Milk  fModiGcalioD  of  Bauer's  Tut'. 
— Introduce  3  c.c.  of  fresh  human  milk  into  a  50  cc  test-tube  and  2  c.c.  of  fnsli 
cow's  milk  into  another  similar  tube.  Add  to  the  contents  of  each  tube  1  dropd 
a  0.2$  per  cent  aqueous  solution  of  oile-blue  sulphate  (Griihler).  Shake  d)» 
tubes  gently  and  permit  them  to  stand  undisturbed  for  to-30  minutes.  Tbc 
milk  assumes  a  bluish  cast  in  each  case.  At  the  end  of  the  lo-minute  iittcml 
add  10  c.c.  of  ether  to  the  contents  of  each  tube  and  shake  very  tboronghly  iotmt 
minute.  The  ether  extracts  the  pigment  from  the  human  milk,  leaving  themili: 
while.  In  the  case  of  cow's  milk  the  ether  does  not  extract  the  dye  and  the  milk 
remains  bluish  in  color. 
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II.  Tests  to  Differentiate  between  Raw  Milk  and  Heated  Milk' 
(o)  Trikresol  Peroxidase  Reaction  (KasUe). — The  peroxidase  reaction 
milk  is  founded  upon  the  fact  that  small  amounts  of  rav  milk  will  in 
duce  the  oxidation  of  various  Icuco  compounds  by  hydrogen  pe^OIi(i^ 
This  reaction  has  been  used  in  a  practical  way  as  the  most  con\'eniM' 
means  of  differentiating  l)ctwccn  raw  milk  and  heated  milk.  >I»ay 
substances  have  been  employed  for  this  purpose,  e.g.,  guaiac,  p*"" 
phen)-lcncdiaminc,  ortot,  amidol,  etc.    Kastic  has  found  that  a  dUtiU 

■  Buckraastcr  a<lvi»ct  t1i«  use  of  an  alcoholic  »oluiian  of  ffuoiaconk  acid  iuttad  cf  ■* 
alcoholic  »v1ulioti  ai  Kuiiac  retbu    Cu^aconic  ticiil  b  a  constituoil  of  guaiac  1 
'Stmr:  i/«»atiseh.  J.  A'iMiUrJknI.,  tt,  414,  i^ti-iv  ^ 
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K  of  "trikiesof"  acts  as  a  scnsitiziDf;  agent  in  the  peroxidase 
B  and  offers  the  following  test  which  is  based  upon  this  fact. 

»dttre.— To  »-S  C.C.  of  r«w  milk  in  a  test-tube  add  o.i-«.3  c.c.  of  M/iO 
o  peroride  snd  t  cc.  of  a  i  per  cent  solution  of  "trikresol."  A  slight 
unmistakable  jrellow  color  will  be  observed  to  develop  throughout  the 
.  Repeat  the  test  using  miUt  which  has  been  boiled  or  heated  to 
ir  IO-30  minutes  and  cooled,  and  note  Chat  no  yellow  color  is  produced. 

!  color  reaction  in  the  case  of  the  raw  milk  probably  results  from 
Idation  of  the  cresols  by  the  hydrogen  peroxide.  The  first 
t  of  this  oiidation-  then  oxidizes  the  leuco  compound,  when  sudi 
ent,  and  causes  the  color  observed. 

BensuiiHt  Peroxidme  RtMtion  {WUkimon  and  /'edtr*).*— To  lo  e,c.  ol  the 
be  tested  add  i  c.c.  of  a  4  per  cent  alcoholic  solution  of  benzidine,  suffi- 
»uc  add  lo  coa^ale  the  milk  (usually  i~j  drops)  und  finally  1  c.c.  of  a 
lent  wlution  <A  hydrogen  peroxide.  Raw  milk  yields  an  imTnctUnle  blue 
In  adding  the  peroxide  it  is  best  to  permit  ii  lo  flow  slowly  down  the 
the  vcnel  conliiining  the  mixture  iii»tcud  nf  allowing  it  to  mix  with  the 
Milk  which  has  been  heated  to  73°C,  or  above  remains  unchanged. 
SatuiatkMi  with  Magnesium  Sulphate. — I'bce  about  5  c.c.  of  milk  in  a 
le  and  ssturjtti-  with  ^>H>:i  IllIlgllC'^ium  sulphalt,  What  b  this  precipitate? 
Influence  of  Gastric  Rennln  on  Milk.— Prepare  a  series  of  five  tubes  as 

5  CO.  of  fresh  milk  +  0.1  per  cent  HCl  (add  drop  by  drop  until  a  predpitata 

5  cc.  of  fresh  milk  +  S  drops  of  rennln  solution.* 
5  cc  of  fresh  milk  +  10  drops  of  0.5  per  cent  Na^Ot- 
S  CC  of  fresh  milk  +  10  drops  of  ammonium  oxalate. 
5  cc.  of  fresh  milk  +  5  drops  of  02  per  cent  HCl. 
r  to  each  of  the  tubes  (c),  \.A)  and  (e)  add  s  drops  of  rennin  solution. 
be  whole  series  of  five  tubes  at  4o''C.  and  after  10-15  minutes  note  what 
rriog  in  the  diSerent  tubes.    Give  a  reason  for  each  particular  result. 
PreparatiOQ  of  Casein.— Fill  a  large  beaker  one-third  full  of  skimmed 
iCrifugated)  milk  and  dilute  it  with  an  equal  volume  of  water.     Add  dilute 
bloric  acid  until  a  floccutent  precipitate  forms.     Stir  after  each  addifica- 
id  do  not  add  an  excess  ot  the  acid  as  the  precipitate  would  dissolve. 
Bw  precipitate  to  settle,  decant  the  supernatant  fluid,  and  reserve  it  for 
later  (15-18)  experiments.    Filter  otC  the  precipitate  of  casein  and  re- 
fae  excess  of  moisture  by  pressing  it  between  filter  papers.    Transfer  the 
to  a  small  beaker,  add  enough  95  per  cent  alcohol  to  cover  it  and  stir  for 
moments.     Filter,  and  press  tlie  precipitate  between  filter  papers  to  re- 
Ifae  alcohol.    Transfer  the  casein  again  to  a  small  dry  beaker,  cover  the 
tate  with  ether  and  heat  00  a  water-bath  for  ten  minutes,  stirring  con- 

!rikrc*oI"  U  the  Intdc  nnmc  of  on  >nti«cptic  which  contabt  tliG  lli.tu  (.rcsob  in  ap- 

ucly  oqtud  pro)ii>[tioii4. 

Bb^y  •ome  o^anic  pcriiiid«  or  quinoid  compound. 

DkiBtCOi  and  P«tcr»:  Z.  Nakr-Gtnoitm.,  16.  No.  i,  p.  171. 

w  eoaunercia]  reaoin  ot  rcnuti  prrpsrstion  01  uiv  extract  ot  the  f^aX'nc  m^icm^ 

■^■ay  be  tngilojvd. 
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tlauousJy.    FUteT(r«serve  th«  filtrate  i,  and  prcH  the  precipitate  as  diyaspotHUi  1 
between  filter  papers.    Opeu  tlie  papers  and  allow  the  ether  to  eraporate  tfo- 
tuieouslj.    Grind  the  precipitate  to  a  powder  in  s  mortar.    Cpoa  tha  caaia 
prepared  in  this  wajr  make  the  following  tests : 

(a)  Solubility.  ~Tiy  the  solubility  in  water,  sodium  chloride,  dilate  add  tai 

alkali. 

(b)  MiUon'8  Reaction.— Make  the  teet  according  to  the  directions  g-: 

pag«W- 

(c)  Biuret  Test — Make  the  test  according  to  directions  given  on  pa^    - 

(d)  Gljoxytic  Acid  Reaction  (Hopkini -Cole). —Hake  die  test  ■ccgniiii{U 
the  directions  given  on  page  98. 

(e)  Unoxidlzed  Sulphur. — Test  for  uoozidiied  sulphur  according  to  tiie  &■ 
recdoos  given  on  page  108.  The  sulphur  contest  of  casein  is  rather  lov,  e,g, 
about  0.7  per  cent. 

(f)  FusioDTestforPhosphorus.— Test  for  pho^lMnut  by  fusion  accor>ime : 
directions  given  on  page  139.    Casein  contains  0.7  per  cent  of  phocpho.-a^ 

15.  Coagulable  Proteins  of  Milk.— Place  the  filtrate  from  the  original  asm 
precipitate  In  a  casserole  and  heat,  on  a  wire  gauze,  over  a  free  flame.  As  ttit 
solution  concentrates,  a  coagulom  consisting  1^  lactalbuniln  and  lactoglobalis 
will  form.  Continue  to  concentrate  the  solution  until  the  Tolume  is  about  out- 
half  that  of  the  original  aolntion.  Filter  ofi  the  coagulable  proteins  (reserre  Hit 
filtrate)  and  test  them  as  follows: 

(a)  MiUon's  Reaction.— Hake  the  test  according  to  the  directions  jjveti « 

page  97. 

(b)  Biuret  Test.    Make  the  feat  according  to  the  directions  given  on  ptge{& 

(c)  Glyoxylic  Add  Reaction  ( Hopkins -Cole),— M«ke  the  test  accordng  » 
the  directions  given  on  page  98. 

16.  Detection  of  Calcium  Phoa^ihate. — Evaporate  the  filtrate  turn  At 
coagulable  proteins,  on  a  watcr-batfa,  until  crystals  begin  to  form.    It  amj  t* 

necesaary  to  concentrate  to  15  cc  before  any  trp 
taOization  will  be  obaerved.  Cool  the  solotion,  Btw 
off  the  crystals  (reserre  the  filtrate),  and  teat  flMS 
as  foDows: 

(a)  Microscopical     Examination. — ^BzamlM  At 
crystals  and  compare  them  with  tfaoae  in  V^.  i<f- 

lb)  Dissolve  the  cirstals  in  nitric  acid.  T(« 
pan  of  the  acid  solution  for  phosphates.  SenAii 
the  remainder  of  the  solution  slightly  alkaSst  vA 
ammonia,  then  acidify  with  acetic  add  and  add  »' 
monlum  oxalate.  Examine  the  crystals  under  the  microscope  and 
them  with  those  in  Fig.  134,  page  459. 

17.  Detection  of  Lactose.— Concentrate  the  filtrate  from  ibe  calchm 
phate  until  it  is  of  a  syrup-bke  consistency.    Allow  it  to  stand  over  m(M 
observe  the  formation  of  crystals  of  lactose.    Make  the  following  experiaitc» 

(a)  Microscopical  Eiaminntion.^Eiamine  the  crystals  and  compare  Hx*-, 
with  thoKc  in  Fig.  104,  page  318. 

(b)  Fehling's  Test- Try  Fehling's  test  upon  the  mother  liquor. 

(c)  Phenylhydrazine  Test.— Apply  the  phonylhydraiine  test  to  soaudt 
mother  iiquor  according  to  the  directions  given  on  page  aa. 


Fio.  loj. — Calcicm 
Puosnuis. 
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MS-  Milk  Fat — («>  Eraporate  the  ether  filtrate  from  the  casein  lErperiment 
))  and  observe  the  fatQr  residue.  The  milk  fat  was  carried  down  with  the 
redpitate  of  caMin  and  was  removed  when  the  latter  was  treated  with  ether. 
CCDtiifuBated  milk  was  used  ia  the  preparation  o(  (he  caselnogen  the  amount 
'  ht  in  the  ether  filtrate  may  be  ver>'  smaU.  To  secure  a  larger  jrield  of  fat 
ed  according  to  directions  given  under  (b)  below. 

I>)  To  35  C.C.  of  whole  milk  in  an  evaporating  dish  add  a  little  Mud  or  fitter 
'  and  evaporate  the  fluid  to  dryness  on  a  water-bath.  Grind  or  break  up 
>  reaidtw  after  cooling  and  extract  with  ether  In  a  flask.  Filter  and  remove 
t  ether  from  the  filtrate  by  evaporation.  How  can  you  identify  fats  in  the 
^cal  residue? 

■9.  Saponification  of  Butter.— ^Dissolve  a  small  amount  of  butter  in  alcohol 
Me  ttrongly  alkaltoe  with  potasdmn  hydroxide.  Place  the  alcoholic-potash 
iution  in  *  caw srota,  add  about  100  cc.  of  water  and  boil  for  10-15  minutes  or 
til  the  odor  of  alcohol  cannot  be  detected.  Place  the  casserole  in  a  hood  and 
ze  the  solution  with  sulphuric  acid.  Note  the  odor  of  volatile  fatty  acids, 
1y  butyric  acid.  Under  certain  conditions  the  odor  of  ethyl  butyrate 
^  also  be  detected. 


10.  Detection  of  Preservatives.-   (a)  Formaldehyde. — In  these 
two  controls  should  be  run,  one  wiUi  pvrc  milk  and  one  with 
Bk  to  which  a  very  small  amount  of  formaldehyde  ha-s  been  added. 

IL  Leach's  Hydrochloric  Add  Test.^Miz  to  c.c.  of  milk  and  to  c.c.  of  con- 
Dtrated  hydrochloric  acid  containing  about  0,002  gram  of  ferric  chloride  in  a 
aall  procelain  (evaporating  dish  or  casserole  and  grndually  raise  the  temperature 
Be  mixture,  on  a  water-bath,  nearly  to  the  boiling-point,  with  occasional 
BHng.  If  formaldehyde  is  present  a  violet  color  is  produced,  while  a  brown 
itor  develops  in  the  at»sence  of  formaldehyde.  In  case  of  doubt  the  mixture, 
her  having  been  healed  nearly  to  the  boiling-point  for  about  one  minute, 
aould  be  dihited  with  50  75  c.c.  of  water,  and  the  color  of  the  diluted  fluid 
uefnlly  noted,  since  the  violet  color  if  present  will  quickly  disappear.  For- 
ebyde  may  be  detected  by  this  test  when  present  in  the  proportion  i :  350,000. 
I.  Gailic  Acid  Teij.^  Acidify  >,o  c.c.  of  milk  with  i  c.c.  of  normal  sulphuric 
uid  dbtil.  .\i\ii  0.3-0.3  c.c.  of  u  aaturated  alcoholic  MiUicinn  of  gallic  acid 
•.Juil  s  c.c.  oC  thr  distillate,  then  incline  the  test-tube  and  slowly  inlioducc 
of  concentrated  sulphuric  acid,  allowing  it  to  run  hIowIv  down  ihe  side 
tabe.  A  green  ring,  which  finally  changes  to  blue,  is  formed  at  the  jiuic- 
r  (lie  fluids.  This  is  claimed,  by  Sherman,  to  be  twice  ns  delicate  as  cilhec 
acid  or  the  hydrochloric  acid  lest  for  formaldehyde 
iicylk  Atid and  SalUylales.^V.Kmon\.'s  Method.' — Acidify  loc.C.  of  milk 
iflilpburic  add,  shake  well  to  break  up  the  curd,  add  35  c.c.  of  ether,  mix  thor- 
liy.  and  allow  the  mixlurc  to  stand.  By  means  of  a  pipette  remove  5  cc.  of  the 
xbtKBl  eiiracl,  evaporate  it  to  dryness,  boil  the  residue  with  10  c.c.  of  40  per  cent 
■Jcchol,  and  cool  the  alccholic  solution.  Make  the  volume  to  c.c,  filter  throu^ 
J*y  paper  If  necessary  to  remove  fat,  and  to  5  c.c.  o(  the  filtiate,  which  icprcscnts 
:  of  milk,  add  a  c.c.  of  a  i  per  cent  solution  of  ferric  chloride.  The  production 
|fair^ort^I«(  color  indicates  the  presence  of  salicylic  ncid. 

'  For  olhet  tol*  we  Sherman  >  Otgnaic  AnnTysi*.  Sccurnl  V.dilwin,  ip.  M^. 
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This  test  may  form  the  hatiis  of  a  quaniitative  method  by  dilating  the  I 
M>lution  to  $0  c.c.  and  comparing  this  with  sisndsrd  solutWBs  of  salicylic  i 
The  colorimetnc  compaiiionx  may  l>c  m«<le  in  a  Duboicq  calorimeter. 

(c)  Uydroifn  Peroxutt.-  Add  t~3  drops  of  a  i  per  cent  aqueous  soluticmul 
para-i>henylenediamiiie  hydrochloride  lo  10-15  cc-  «'  tnilk.  K  hydrogen  prronk 
b  present  n  blue  color  will  be  produced  immediateJy  upon  shaking  (be  miitiuttit 
nficr  allowing  it  to  sund  for  a  feu  minutes.  It  ts  claimed  that  hydrogen  peroiidc 
may  be  delected  by  lhi»  test  when  present  in  the  proportion  i :  40,000. 

(lO  Boric  Acid  and  Boraiet.—To  ihe  aali,  obt^ed  acoud- 
ing  lo  the  direclioiik  given  in  Kx{>eTiment  4,  page  317,  ad^  1 
drops  of  dilute  hydrochloric  acid  and  i  c.c.  of  water,  ^act  i 
strip  of  turmeric  paper  in  the  dish  and  after  allowing  it  to  toai 
for  about  one  minute  remove  it  and  allon-  it  to  dry  in  the  ait 
The  presence  of  boric  acid  is  indicated  by  the  productioa  d(  » 
deep  red  color  which  rhnngc*  to  ffcn  or  blue  upon  tTcstmcat 
niih  a  dilute  alkali.  This  lest  is  supposed  toslion'  boric  add 
-i  u hen  prettent  in  the  proportion  1  :  8000. 

Qtmntitattve  Analysis  of  Milk 

I.  Specific  Gravity. — This  may  be  determined  ood- 
veniently  by  means  o£  a  Soxhlet,  Veith,  or  Queveooe 
lactometer.  A  lactometer  reading  of  32°  denotes  a 
specific  gravity  of  1.033.  The  determination  should 
be  made  at  about  6o°F.  and  the  lactometer  reading 
corrected  by  adding  or  subtracting  o.  i**  for  every  degrte 
F.  above  or  below  that  temperature. 

3.  Fat— (a)  Babcock's  Centrifugal  Melhod.^—Pm- 
cipte. — The  principle  of  this  method  is  the  destruction 
of  organic  matter  other  than  fat  by  sulphuric  acid  and 
the  centrifugation  of  the  acid  solution  in  tlie  spedil 
tube  shown  in  Fig,  106  and  the  subsequent  reading  <^ 
the  percentage  of  fat  by  means  of  the  tube's  grada- 
ated  neck.  The  method  is  one  of  the  most  satisfac- 
tory in  common  use  and  is  accurate  to  within  0.5  p«r 
cent. 


SCJC'j 


Fio.  106- 
cocx  Ti 


Procedure.— By  means  of  a  special  narrow  pipette  introduce  milk  into  the 
lube  up  to  the  5  c.c.  mark.  Now  add  sufficient  sulphuric  add  Csp.  gr.  ity 
1.834)  ">  ^  (he  body  of  the  tube  and  rotate  the  tube  to  secure  a  homogencouE 
add-milk  sohition.  Fill  the  neck  of  the  tube  with  an  add-akohol  roixtuit' 
Centrifuge  the  tube  and  contents  for  one  to  two  minutes  and  read  off  the  pu- 
ceatage  of  fat  by  means  of  the  graduated  neck  of  the  tube.    If  the  top  of  the  hi 

'  A  modification  oi  thii  method  for  utc  with  sweelencd  dair}-  products, «.(..  ict  onn 
aad  cniuUog  tJic  use  of  a  different  type  of  ccnirifiige  tube  has  been  proposed  by  HalvoM 
{Jaur.  iHd.  and  Ent.  CKtm.,  5.  403.  "0>3)- 

*  'J'bls  mjaturc  conMits  of  equal  volume*  of  amyl  alcohol  and  concentrated  hydndunix 
add. 
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it  not  >l  zero  it  may  be  brought  there  by  the  addition  ot  water  and  a 
ini's  recentrifugaliQn. 

[case  rery  rich  millc  (over  5  per  cent  fat)  is  under  examination,  it  may  be 
\S  with  an  equal  volume  of  water  before  examination  and  the  (at  percentage 
^ed  by  3.  In  the  examination  of  cream  it  is  customary  to  dilute  the  sample 
bur  Tolumes  of  water  and  multiply  the  resuluni  fat  value  by  5. 
i  Quantitative  Determination  of  Fat  in  Milk  by  the  Meigs'  Method  with 
Ication  and  Improved  Apparatus  by  CroU.-— The  method  as  stated  by  Dr. 
I  is :  Approximately  10  c.c.  of  milk  is  care- 
ireighed  and  transferred  to  an  ordinary 
^c.  glass -stoppered  graduated  cylinder. 
b  c.c.  each  of  distilled  water  and  ether 
fi  are  added,  the  ground -glass  stopper 
f  inserted  in  the  bottie,  and  the  whole 
hi  vigorously  for  five  minutes.  Then  the 
I  is  carefully  unstoppered,  20  c.c.  95  per 
Ikohol  added,  the  stopper  reinserted  and 
\  shaken  for  five  minutes.  The  bottle  is 
^ced  on  a  table  and  the  contents  will 
|te  into  two  distinct  slrats,  the  upper  of 
contains  practically  all   the   fat.     This 

n  is  carefully  removed  by  a  small  pipette 

tmitsferred  to  a  carefully  weighed  glass 

vting  dish,    The  thin  ether  layer  remain- 

FMhed  by  the  addition  of  5  c.c.  of  ether. 

■  removed  by  pipetting  off.     This  wash- 
repeated  four  times.    On  eadi  addition 

d«8  of  the  bottle  should  carefully  be 

d  down  by  the  fresh  ether.     Finally,  the 

t    is    rinsed    with    a    little    ether.     The 

rating  dish  with  contents  is  now  placed 

safety  water-bath  and  the  ether  evapo- 
Tbe  drying  is  continued  in  a  hot-sir 

it  a  temperature  below  looX.  and  finally 

itad  in  a  desiccator  to  constant  weight. 

)U*B  modification  consists  of  subsequent 

ed   extraction   of   the    end-product    of 

ritioii  with    absolute  ether.     The  com- 

extncta  are  filtered  and  the  small  filter 

is  washed  repeatedly  with  absolute  ether.    The  combined  extracts  and 

iga  are  evaporated  and  dried  as  before  and  then  weighed. 

•  piece  of  apparatus  shown  in  Fig.  107,  above  was  also  devised  by  CroU 

kway  with  the  use  of  the  pipette.*    On  closing  the  lop  with  a  finger  and 

C  into  the  mouthpiece,  the  upper  stratum  is  forced  out  into  the  dish.     The 

is  washed  by  simply  pouring  the  ether  into  the  tube.     This  lessens  the 

ility  of  accidental  loss. 

frinal  OMicr  by  Dr.  Arthur  V.  Mc'igt  in  PkUaddphia  Mrdkal  Timts,  July  r.  1881. 

Oil:  Biixhtm.  BiUt.,  »,  500.  191J. 

dcsir«d  a  cork  with  two  tubfi  may  be  substituted  foi  thi»  wmcvhaV  ctimV>N'A\«& 


Fio-  ro?. — Caoit's  Fat 
Aptabaivs. 
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The  accuracy  of  the  method  compared  with  that  of  th«  Soxhiri 
luing  the  paper-coll  modificntion  and  extracting  until  fresh  portioiis  of  sbcalnn 
«ther  gave  do  further  trace  of  extractive  material,  is  shown  by  the  aven(e 

diflerenc«  oo  twelve  aamples  of  bumas  mUk 
beJRjc  onlr  0.017  Pcr  cent  leas  than  bjr  Oi 
Soxhlet  and  on  seven  samples  cow's  milk  b«fa( 
only  o.oig  per  cent  lesa.  The  extreme  diiltf- 
ences  m  case  of  the  human  milk  weT»~o.O(H 
per  cent  and — 0.044  P^  c*"*  *»<!  ^  '^t  <' 
the  cow's  miUt— 0.006  p«r  cent  and— 0.068  per 
cent. 

(c)  Adorns'  Paptr-Mil  KdW.— Introdw 
about  ;  ex.  ol  milk  into  a  unaU  beaker,  qukklr 
aacertaio  tbe  weight  to  centigranu,  alaod  a  fit- 
free  ooil'  in  the  beaker  and  iodine  t]>e  vtsad 
and  rotate  the  coil  In  order  to  batten  the  abaMp 
tiOD  of  the  milk.  Immediately  upon  the  COid- 
plete  absorption  of  the  milk  remove  the  coil  tat 
again  quickly  ascertain  the  weight  of  the  bttktr- 
Thc  dilTerence  In  the  weighta  of  the  beaker « 
the  two  wcighioxs  represents  the  quuti^  4 
nulk  absorbed  by  the  coiL  Dry  the  ceil  cu*- 
fully  at  a  tempetature  below  loo'C.  and  extna 
it  with  ether  for  3-5  hours  in  a-  Soxhlet  sppi* 
ratu»  (Pig.  loS).  I'siog  a 
safety  water -bath,  heat  the 
Ilitsk  conl.\ining  the  fnt  lo 
constant  weight  at  a  tempera- 
ture below  ioo°C. 

Culculalion. — Divide    the 
weight  of  (at,  in  grams,  by 
the  weight  oE  luDk,  in  grams. 
The  quotient  is  the  feruniage 
Tto.  loS.— SoXBLET  APTAXMrs.  of  Jot  contained  in  the  milk 

examined. 
{d)  Ntpkelomrtric  Mtlhod  of  Bfonr.*— Thi*  method  i»  ex- 
actly similar  in  principle  and  procedure  to  the  method  given 
for  the  determinBlion  of  fat  in  blood.    (See  page  195.)    One 
G.c.  of  milk  Is  ordinarily  taken. 

(<)  ApprommaU.  Iffltrminalion  by  Ftser's  lactoscope.  -MUk  ^*j^^^^^ 
is  opaque  mainly  because  of  the  sunpeudcd  fat  globules  and 
therefore  by  means  of  the  estimation  of  this  opacity  we  may  obtain  data  a  v> 
the  approximaU  content  of  fat.  Feser's  lactoscope  (Fig.  109)  may  be  ufoi  ic 
this  purpose.  Proceed  as  follows:  By  means  of  tbc  graduated  pipette  ocoonipt!;'- 
ing  ( he  instrument  introducc4  C.c.of  milk  into  the  lactoscope.  Add  water  grsdnsUj- 
shaking  after  each  addition,  and  note  the  [H>int  at  which  the  black  tinc»  npODtbc 
inner  white  glass  cylinder  are  dM/tNr(iy  visible.     Observe  the  point  on  thcgraihiMl' 

>  Vety  uiistactorr  coils  are  monufactuKil  by  Schleicher  and  SchlllL 
'Bloat:  J.  Am.  Cktm.  Sot.,  36, 1300,  iqn. 
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nl  the  IncUMCDpe  which  is  kvel  with  lh«  suriaoc  of  the  diluted  millc.    This 

f$  represents  thi:  ptrctnla^e  of  Jot  preienl  in  Iht  imJHulcd  mtU.     Puk  milk 

I  coatain  aI  l«ul  j  per  cent  of  fat. 

I^otal  Solids.' — Introduc*  3-5  gruns  of  milk  into  a  weighed  fiit-bottamed 

mm  diah*  and  quicklj'  asc«naiu  the  weight  to  mlUigrams.     Expel  the  major 

p  ol  the  wat«r  by  hcRting  the  open  dish  on  a  water-bath  and  continue  the 

if  in  an  air-bath  or  water  oven  at  97°-iooX.  until  the  weight  is  coa- 

I    (If  platinum  dishes  are  employed  thia  residue  may  be  used  in  the 

kiination  of  ash  according  to  the  method  described  below.) 

llcalatloQ.* — ^Divide  the  weight  of  the  residue,  in  grams,  by  the  weight  of 

Ucd,  in  grams.    The  quotient  is  the  percentage  of  solids  contained  in  the 

uuunined. 

lAsh.— Heat  the  dry  solidt  from  3-5  grams  of  milk,  obtained  according  to 

btbod  ^ist  given,  orer  a  vvry  low  flame*  until  a  white  or  light  gray  ash  is 

led.     Cool  the  dish  in  ■  desiccator  and  weigh.     (This  ash  may  be  used  in 

^  for  borates  according  to  directions  on  page  J34.) 

,  Proteins :  Nepkelomdric  Determinatttm  of  Proteins,  Casein, 
iin,  and  Albumin  in  Milk.  Xfelhod  of  Kober.* — Principle. — The 
Ids  are  prmpitatvd  with  sulphosalicyllc  acid  and  the  precipitate 
lated  nej^elometrtcally  (see  cUscussion  of  nei>heIoRietric  methodJi, 

pKedure.^PlTe  c.c  of  mil]f  are  carefully  measured  into  a  350  c.c.  flask 
tfter  adding  aoo  cc  of  distilled  water  and  10  c.c.  of  decinomul  sodium 
dde  solution,  water  is  added  to  the  mark  and  the  mixture  shakes.  Ten 
R  put  with  exactly  2  c.c.  of  etfa«r  in  ■  centnfuge  tube  which  is  then  tigjitly 
Iped  with  a  cork  and  vigorouat^thakML  Allmr  to  separate  and  withdraw 
Di  the  aqueous  layer  without  contamination  with  ether.  Dilute  to  50  c.c 
io  cc  of  this  solutian  and  add  to  cc  of  3  per  cent  stilphosalicylic  add.  A 
of  casein  is  obtained  which  can  be  matched  accurately  with  the 
[•tandard:  i  volume  (5  cc]  of  ao-ot  per  cent  casein  solution*  to  which 
I  a  ffolumeB  (id  cc)  of  3  per  cent  sulphosalicylic  add. 
)  protein  obtained  with  this  reagent  is  not  all  casein,  and  in  ocder  to  obtain 
Iftct  amotmt  of  casein  the  casein  is  precipitated  according  to  the  "official 

i'n  iDCtbod  for  the  vacuum  dcnccatlon  of  froccn  prtpualioos  may  tie  used 
accuracy  Is  desired  (mo  Amtriean  Journal  of  Piysiolery,  14,  31J,  igoi)). 
dl  dhbo,  cuitins  only  about  00c  dollar  per  grou,  mAe  a  very  atisfactory 
I'fur  the  platinum  ai*hc». 
:  perccntue  of  total  a^lds  may  be  calculated  from  the  tptti&c  pavity  sjtd  ptrcsntati 
'  OMau  ofUie  following  formula  which  bos  been  piroposed  by  Richmondi 

S-0.15I.-ft.>  P+o-14 


t  ctic  shodld  be  utcd  In  this  indtion,  the  dish  at  no  time  being  heated  above  a 
a,  as  chlorides  may  voktiliae. 
/.  Am.  Chan.  Soe.,xy  1585,  1913. 

•J  Caitin  Sthilion. — Diuolvc  withitining  o.i  gram  of  coseiaor  Its  equivalent 
lot  0.1  N  NaOU.  odd  95  ex.  <rf  ditilUed  water,  add  1  c.c.  oF  tolueae.  ihike  thoroushly 
■hfcenp toioocc.  ThuiiibeitockioluiioQ  whichkecpi  thiccotfouidayxorloaker. 
■adanl  aolution  is  mode  up  ftesh  evct>'  day  by  maUn^  10  cc.  of  the  tlock  aotation 
BOO  cc  with  water.  The  standard  b  contioUed  by  total  nllrogea  ealimiLtvonfc  it&te% 
btur  b.jS  for  casein. 
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method"  ot  the  method  of  Han  given  below  and  the  amount  of  ptvclpfute  c^ 
taiaed  in  an  aliquot  portion  of  the  filtrsle.  hy  addinj[  4  vohimet;  of  the  reapn^ 
is  detennuied  nephDlomeiricaUy.  This  fraction,  for  want  of  a  better  name  caDtd 
the  "globulin  and  albumin  fraction,"  is  subtracted  from  the  ktou  catein,  U 
give  the  amount  of  casein  preci|Mlated  by  the  "official  method." 

The  ether  used  in  ezlracttog  the  (at  increasea  llie  vdume  of  the  sohttioo  tat 
hence  a  factor  aDowing  for  this  must  be  used.  For  10  c.c.  of  diluted  milk  tad 
2  cc  of  ether  the  factor  is  0.910. 

6.  Pratet[is.—IntTaducc  a  known  weight  of  milk  (5~to  cntms)  into  a  500  u. 
Kjeldahl  digestion  flask  and  add  30  c.c.  of  concentrated  sulphuric  add  and  almi 
o.a  gram  o(  copper  sulphate.  Expel  the  major  portion  of  the  water  by  beitini 
over  a  low  flame  and  finally  use  a  full  fliunc  and  allow  the  mixture  to  boil  out  K 
two  hours.  Complete  the  determination  according  to  the  directions  giren  uaitef 
Kjeldahl  Method,  page  483. 

Calculation.— Multiply  the  total  nitrogen  content  b;  the  factor  6.^7'  to  oban 
the  protein  content  of  the  milk  examined. 

7.  Hart's  Ca&ein  Method.'  Introduce  10.5  c.c.  of  milk  into  a  300  c.c  Sibn- 
meyer  flask  and  add  75  c.c.  of  distilled  water  and  1-1.5  c.c.  of  10  per  cent  acOk 
acid.*  Mix  the  contents  by  giving  the  flask  a  vigorous  rotai;  motion.  Tb 
precipitated  casein  is  now  Altered  off  upon  a  9-1 1  cm.  filler  paper.'  Vttt  M 
the  adsorbed  and  looxely  combined  acetic  add  by  means  of  cold  water.  Coo- 
linue  the  washing  of  both  the  casein  on  the  filter  and  that  adhering  to  die  fitA 
until  the  wa^  water  has  reached  a  volume  of  at  least  150  c.c. 

Now  return  the  precipitate  and  paper  to  the  original  Erienmeyer  flask,  lU 
75-80  c.c.  of  neutral  fcarbon  dioxide-free)  water,  10  c.c.  of  H  10  potastluiii If* 
droiide  and  a  few  drops  of  phenolphthalein.  Stopper  (he  flask  and  shake  H 
vigorously,  by  hand  or  machine,  until  the  casein  has  been  brought  into  sobtJoo.' 
Rinse  the  stopper  with  neutral  fcarbon  dioxide-freel  water  and  titrate  the  alb- 
line  casein  solulion  at  once  with  N  10  hydrochloric  acid  until  there  is  a  dii- 
appenrance  of  all  red  color.' 

Calculatiou.--Subiract  the  corrected*  acid  reading  from  the  10  cc.  of  iHoi 
used.  The  diSerencc  is  the  percentage  of  casein  in  the  milk.  For  exampk,if 
it  Ukes  6.7  C.C.  of  N  10  hydrochloric  add  to  titrate  the  alkaline  sotutioD  «ofl» 
end  point  and  the  check  (est  was  equivalent  to  20  c.c.  N,  to  acid  thecasefanln 
would  be  obtained  as  foUows: 

io-(6.7-t-o.3)  ■-  3.1  per  cent  casein 

t  The  usual  factor  employed  for  (he  calculaiion  of  pruuia  [ruin  the  nitrogen  conMl^ 
6.»S  Uid  ii  bMcd  on  the  nuuniplion  thai  ptatciai  i:oatain  an  tht  atrrage  r6  per  tmta 
Dluogen.  Tlih  sptcial  factor  ol  hn  is  uk'I  Io  cnlcuUtc  Ihe  protein  cniitcnl  from  UkW 
nitrogen,  since  tiie  priodpul  protein  coostilueats  ol  milk,  t.c,  mrin  aod  ImuAm<^ 
contain  about  15.7  per  cent  of  nitrogcD. 

'Hart:  Jour.  Bui.  Chem.,  6,  445,  igoo- 

•  In  general  1.5  c.c.  of  acetic  ucid  kIvct  a  clear  tolulioD  wUch  fillcra  nicely  but  oee»!* 
ally,  when  the  muk  boi  a  low  cucin  vuluc  it  is  advitable  to  ute  lets  acetic  add. 

♦The  procf-is  of  fillisiion  may  be  rriardcil  (hrojigh  the  packing  of  the  <a»d»»|* 
apon  the  niter  paper.  In  tliis  case  coiuluirt  a  fine  strr-.tni  uf  cold  itatcr  ajtainsl  '^''^ 
point  of  contact  of  dlter  paper  and  cntcin.  By  this  means  tiiecaicinpRdpilateblcM'*'' 
and  gathers  fai  the  opci  of  the  iAm.  This  procedure  U  very  cucntiiu.  It  i«  not  mcbmT 
to  remove  the  casein  wliicb  adlnTM  to  the  inteKor  ol  tlie  llosli.  ^ 

'  *  Solution  i«  indicated  by  the  diiappearaace  of  the  while  caaein  particles  wUdi  «"* 
otberwise  settle  to  the  bottom  of  the  nn»k.  , 

*Acheckteil  should  bo  run  parallel  witb  the  entire  determination.  EvenvitiilK'* 
pKotatMODt  as  to  neutrality,  it  ii>  gcncioUy  tuuud  thax  ui  >dd  ehacfc  of  o.)-a.j  ^*^ 
obLtlaed.     This  cheei  titration  should  be  oddtd  to  Ike  vo\anm  (A  »dr&>Kw&\«<w>K'^ 
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k  8.  CasdiL — Mix  about  lo  grams  of  raUk  with  40  c.c.  of  a  saturated  solution 
■  nugnctuiin  nilpliatc  and  odA  the  mIi  in  subKtaoce  until  no  more  will  dissolve 
TTi«  precipitate  consist§  of  casein  admixed  with  a  little  fat  and  lacto-globullo. 
FiltcrolT  the  pTecipitate,  wRsh  it  thoroughly  with  a  laturAlcd  K»]ulionof  rnagneaium 
tidpiiatc,'  traiufcr  the  filter  paper  and  prcdpilalc  to  a  E^jcldabl  digestion  flask,  and 
dctarmine  the  nitrogen  content  according  tu  the  directions  given  in  a  previous 
npcriment  (6). 

Caladatifin. — Multiply  the  Mai  niifAgM  by  the  faaor  6.3}  to  oblitn  the  cueln 
tottent. 

9.  l-actalbumin. — To  the  filtrate  and  washings  from  the  deleimlniition  of 
OKin,  in  Ivxpcriment  8,  add  Alin^n's'  reagent  until  no  more  precipitate  forms. 

I  TDlcr  off  the  predpttatc  and  delerminc  the  nitrogen  content  ac<:or<ling  to  the  direc- 
^liom  gi^'cn  tmder  I'roteins,  page  ^38. 

C^culatioH. — Multiply  the  Mai  niiroffn  by  the  factor  6.37  to  obtain  the  lactal- 
bimiiu  content. 

10.  L«ctose. — To  about  350  c.c.  of  water  in  a  beaker  add  ao  grams  of  milk, 
I  mil  tboroughly,  acidify  the  Stiid  with  about  3  cc  of  10  per  cent  acetic  acid  and 

nit  be  acidified  mixture  continuously  until  a  floccutent  precipitate  forms.  At 
Uiii  point  the  reaction  should  be  distinctly  acid  to  litmus.  Meat  the  solution  to 
bcdttng  for  one-half  hour,  filter,  rinse  the  beaker  thoToughly,  and  wash  the  pre- 
tipittted  proteins  and  the  adherent  fat  with  hot  water.  Combine  the  filtrate 
■odvasfa  water  and  concentrate  the  mixture  to  about  150  cc  Cool  the  solution 
tad  dihite  it  to  loo  c.c.  in  a  volumetric  flask.  Titrate  this  sugar  solution  accord- 
ing to  directions  given  under  FehUng's  Method,  page  513  or  Benedict's  Method, 

Hyers*  recommends  the  foUowisg  procedure  for  the  determination  of  lactose 
in  nilk.  One  part  of  milk  is  mixed  with  an  equal  volume  of  pfaosphotungstic 
uUsolatiim  (70.0  grams  acid  and  200  c.c.  cone.  HCl  in  t  liter  of  water)  and  3-3 
putt  of  water.  Mix  well,  filter  until  clear,  and  titrate  the  clear  filtrate  against 
Bttiediet's  solution  (35  c.c.  reducing  67  mg.  of  lactose.) 

The  milk  may  also  fa«  clarified  for  the  lactose  determioation  by  means  of 
thiiiiinum  hydroxide  *  or  dialyzed  iron. '  The  dialyred  iron  procedure  is  as  f  t^ows^ 
Nate  10  gm.  of  milk  to  35  c.c.  and  add  about  3  cc.  of  10  per  cent  colloidal  iron 
adding  the  last  portion  drop  by  drop  to  determine  the  exact  amount 
iiy.  niter  and  wash  with  water  to  make  the  clear  filtrate  100  c.c.  fltnite 
f  Benedict's  method  (see  page  512). 

The  preparation  of  aluminium  hydroxide  cream  and  its  use  in  protein  re- 
■Bovil  are  described  under  Nitrogen  Partition,  p.  485,  Chapter  XXVI. 

Calculation.  Make  the  uilculation  according  to  directions  given  under 
hbliog^  Method,  page  533,  bearing  in  mind  that  10  c.c.  of  Fchling's  solution 
'■cwpletdy  reduced  by  0.0676  gram  of  lactose.' 


'Fttierve  tlic  filtrate  and  waiiliKi. 
'AInifn'*  reagent  may  Ik  prepared 


N1C6  for  ihc  dctcrmbatioa  of  iBCtalbumin  (Eipt.  9). 
J8U  by  dissolving  j  grains  o(  ti       ' 
^  pKceat  alcohol  and  adding  lo  c.c.  i>f  :$  per  cent  acetic  ttcid. 


by  dissolving  5  grains  of  tannic  acid  In  149  CC.  Of 


1911. 


'Urm:  Jifiiui.  imJ.  Ifocjk.,  50,  1494. 

'Wdkerand  Manh:  J.  Am.  Chem.  Six..  i$.  8*3.  1913. 

'HiU:  JoKT.  Biol.  Chtm..  ta,_  tjs,  t^ts- 
.   'lacue  Benedict'*  mrihod  is  u»ed  it  ihould  be  remembered  that  ijc.c.  of  the  reagent 
Bitdaml  by  0*067  ft*™  of  lactose. 


CHAPTER  XVin 


JLIAL  AND  CONNECTIVE  TISSUES 

EPITHELIAL  TISSUE  (KERATIN) 

The  albuminoid  keratin  constitutes  the  major  portion  of  hair,  bora, 
hoof,  feathers,  nails,  and  the  epidermal  layer  of  the  skin.  There  is  a 
group  of  keratins  the  members  of  which  possess  very  similar  propertio. 
The  keratins  as  a  group  are  insoluble  in  the  usual  protein  solvents  and 
are  not  acted  upon  by  the  gastric  or  pancreatic  juices.  They  all  it- 
spond  to  the  xanthoproteic  and  Millon  reactions  and  are  diaractenud 
by  containing  large  amounts  of  sulphur.  Keratin  from  any  of  itt 
sources  may  be  prepared  in  a  pure  form  by  treatment,  in  sequence,  with 
artificial  gastric  juice,  artifidal  pancreatic  juice,  boiling  alcohol,  aod 
boiling  etiicr,  from  twenty-four  to  forty-*ighl  hours  being  devot(d_ 
to  each  process. 

The  percentage  composition  of  some  typical  keratins  is  g^\'en  ib  I 
following;  table: 


PeTcent:iC«  compmltlon 

«JUUiW 

S 

N 

C 

a 

a 

NaUs* 

N.ao 

17.51 

St.M 

6.94 

n. 

Uom' 

i.M 

* 

50.86 

6.04 

....1 

v.v^ 

a 

4,81       15.40  '  44.06 

6-53 

19,1 

4.96      14,64      4*99 

SO" 

jij 

Negro..            - 

4.S*      14.90      43-8S 

6.37 

JM 

S.n  1  is.fg 

44 -49 

6.44 

■1.4 

Cauca^ti  (cbUdrcn)  . . , 

4-» 

14.58 

Ai.13 

6.46 

J>J 

Ilie  composition  of  human  hair  is  influenced  by  its  color  and  by  l!^ 
race,  sex,  age  and  purity  of  breeding  of  the  individual.'    It  may  bet 

>  Mulder:  y<rsutk  tima  iillttm.  fkysiel.  Chem.,  BraunseKveit,  ■844~5t' 
*  Horbactcwtki:  Ladtnbur^f  BandaSrUtiuck  d.  Chem.,  j, 
' RalbtTiord  Aad  Hawk:  Jour.  Bi<il.  Chem-,  1,  *y>,  ^Vi^- 
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CONNECTIVE  TISSUE 


Ktiated  from  all  other  animal  ha.it  or  wool  by  its  hi^  content  of 
iine.    Human  hair  may  yield  nearly  1 2  per  cent  of  this  amino-acid.* 

^^^^H  ExPEStMENTS  ON  EPITHELIAL  TISSUE 

^^^^^  Kendfi 

%om  shavings  or  nail  parings  may  be  used  iu  the  experiments  whidi 
How: 

I.  Solubility. — Test  the  solubility  of  kenttln  ia  wal«f ,  dilute  and  concentrated 
id  and  alkali. 

).  Millon's  Reaction. 

}.  Xanthoproleic  Reaction. 

5.  Glycxylic  Acid  Reaction  (HopIdiM-Col«). 

6.  Test  for  Unozidized  Sulphur. 

^^^^  I.  WHITE  FIBROUS  TISSUE 

Brhc  principal  solid  constituent  of  white  fibrous  connective  tissue 
the  albuminoid  collagen.  This  body  is  also  found  in  smaller  per- 
atagc  in  cartilage,  bone,  and  ligament,  but  the  collagen  from  the 
irious  sources  ia  not  identical  in  compositioa.  In  common  with  the 
latins,  collagen  is  insoluble  in  the  usual  protein  solvents.  It  differs 
Dm  keratin  in  containing  less  sulphur.  One  of  the  diief  character- 
tics  of  collagen  is,  according  to  Hofmeister,  the  property  of  being 
rdroiyzed  by  boiling  add  or  water  with  the  formation  of  gdalin. 
tmnett  and  Gies*  claim  that  under  these  conditions  there  is  an  intra- 
olecular  rearrangement  of  collagen  and  the  resultant  gelatin  is  conse* 
leatly  not  the  product  of  hydrolysis.  The  liberation  of  ammonia  from 
lecoUagcn  during  the  process  apparently  confirms  this  view.  Collagen 
■iMillon's  reaction  as  well  as  the  .xanthoproteic  and  biuret  tests. 

The  form  of  white  fibrous  tissue  most  satisfactory  for  general  ex- 
enments  is  the  tendo  AchUlis  of  the  ox.  According  to  Buerger  and 
■ict*  the  fresh  tissue  has  the  following  composition: 

'««• : 6l.«J% 

awt 37-13 

liior);uii<:  maUcf > o>4T 

Oijuiic  matter. 36.66 

Pat^subjrtance  (etIicT-*oIub1c;.  1.04 

Coafvlable  praicin o.ai 

iivoM .1.18 

EkttiH. 1.63 

CtOaf* 3I-S9 

EiUacUvn.  MC t 0.90 

PBucblala:  Ztit.  physM.Chtm.,  85,  146,  1911. 
[ininnUiDd  Gi*«:  J«ur.  Rial,  fkitm.,  j,  xiim  (Proceeding*),  1907- 
r»nd  BS«:  Am.  Jimr.  PkysM.,  6,  119,  1901. 
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The  mucoid  jusl  mentioned  is  called  tetidomucoid'  and  is  a  gJyco- 
protein.  It  possesses  properties  similar  to  those  of  other  connective- 
tissue  mucoid;;,  e.g.,  osseomucoid  and  chondromucoid. 

Gelatin,  the  body  which  results  from  the  hydrolysis  of  collagen 
(see  statement  of  Emmett  and  Gies  p.  351),  is  sometimes  classed  as  ao 
albuminoid  (see  Chapter  V).  It  responds  to  Dearly  all  the  protdn 
tests.  It  differs  from  the  keratins  and  collagen  in  being  easily  dif^ted 
and  absorbed,  (jelatin  is  not  a  sati.'tlactory  substitute  for  the  proleiB 
constituents  of  a  normal  diet,  however,  since  a  certain  portion  of  its 
nitrogen  Ls  not  available  for  the  uses  of  the  organism.  Gelatin  itam 
cartilage  difTcrs  from  gelatin  from  other  sources  in  containing  a  lonri 
percentage  of  nitrogen.  Tyrosine  and  tryptophane  are  not  QumbeKiJ 
among  the  dccomiiosition  products  of  gelatin,  hence  it  does  not  rcspomi 
to  Millon's  reaction  or  the  glyoxylic  acid  reaction.  Cystine  h  tiso 
absent. 

EXPEKJMENTS  0»   WinTE   FiBKOVS   TlSSCE 

The  Umdo  AchiUis  of  the  ox  may  be  taken  as  a  satisfactory  type  1 
the  white  fibrous  connective  tissue. 

I.  Preparation  of  TeDdomncoicl.  — IKssect  away  the  fascia  froni  about  ifac 
tendon  and  cut  the  clean  tendon  into  small  pieces.  Wash  the  pieces  is  mmuij 
water,  subjecting  them  to  pressure  in  order  to  rcmore  as  much  as  posiiblt  ol 
the  soluble  protein  and  inorganic  salts.  This  washing  is  very  important.  Tnni- 
fer  the  washed  pdecex  of  tendon  to  a  Rask  and  add  300  c.c.  of  half -ntura ted  lisit 
water.-  Shake  the  flask  at  tntervals  of  twenty-foui  hours.  Filter  off  the  pKt) 
of  tendon  and  precipitate  (he  mucoid  with  dilute  hydrochloric  add.  Allow  (In 
mucoid  prfctpitatc  to  settle,  decant  the  supernatant  fluid  and  filter  the  rtisuiiJK' 
Test  the  mucoid  as  follows: 

(a)  Solubility.-  Trj-  the  solulrility  in  water,  sodium  choridc,  dilute  tai  ca-^ 
centrated  acid  and  alkali. 

^bi  Biuret  Test. — First  dissolve  the  mucoid  in  potassium  bydraztde  wluliU 
and  then  add  a  dilute  solution  of  copper  sulphate. 

(cl  Test  for  Unoxidized  Sulphur. 

(d]  Hydroly^s  of  Tendomucoid.-  -Place  the  remainder  of  the  muoxd  in  > 
snuU  beaker,  add  about  30  c.c.  of  water  and  a  c.c.  of  dilute  hydrochloric  lod 
and  boil  tmtil  the  solution  becomes  dark  brown.  Cool  the  solution,  neutiiHt^ 
it  with  concentrated  potassium  hydroxide,  and  lest  by  Fehling's  test.  Wilb  * 
reduction  of  Fehling's  solution  and  a  positive  biuret  test  what  do  you  codcIikI' 
regarding  the  nature  of  tendomucoid? 

1.  Collagen.— This  subsUnce  is  present  in  the  tendon  (o  the  extern  0' 
about  33  per  cent.  Therefore  in  making  the  following  tests  upon  die  peCH* 
tendon  from  which  the  mucoid,  soluble  piolein,  and  inorganic  salts  wer«  mu*** 
in  the  last  experiment,  we  may  consider  the  tests  as  being  made  upon  celUg*"- 

■Culler  and  Giei:  Am.  Jem,  Phy.'ioi  .  6,  r-is,  i<w«- 

'.Made  hy  ouxing  equal  volumes  oi  nUurtUid^meiiUn  uiAttiAn  (iQin  the  { 
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Solubility. — Cut  th«  coUsgen  into  verr  6ne  pieces  Hnd  try  its  solubilitj 
is  water  and  dilute  and  concentrated  acid  and  alkali, 
(b)  Hilton's  Reaction. 
[  (c)  Biuret  Test- 
(d)  Xanthoproteic  Reaction. 
I  (b)  Glfozylic  Acid  Reaction  (Hopkins^Gole). 

I  <f)  Teet  for  Dnozidized  Sulphur.— Take  a  large  piece  of  collagen  in  a  test- 
ind  add  about  5  cc.  of  potassium  hydroxide   solution.     Heat  until  ttac 
is  partly  decomposed,  then  add  i  1  drops  of  lead  acetate  and  again 
tual  to  boiling. 

(gl  Foimation  of  Gelatin  ftom  CoDagen. — Transfer  the  remainder  of  the 
^Kei  of  collagen  to  a  casserole,  fill  (he  vessel  about  two-thirds  full  of  water 
aad  boil  for  several  hours,  adding  water  at  intervals  as  needed.  By  this  means 
Bm  coUagen  is  transformed  and  a  body  known  as  gelatin  Is  produced  (see  page 


»\ 


^  y  Gelatin. — On  the  gelatin  formed  from  the  transformatJon  of  coUagen 

iilbe  above  experiraent  (g),  or  on  gelatin  furnished  by  the  instructor  make  the 

following  tests : 

(1)  Solubitity.— Try  the  solubility  in  (he  ordinary  solvents  (see  page  31) 

ind  in  hot  water. 
_    (b)  Millon's  Reaction. 

^^  (e)  GlyoiyUc  Add  Reaction  (Hopkins -Cole). —Conduct  this  test  according 
^pflie  modification  given  on  page  107. 
H   fd)  Test  for  Uuoxidired  Sulphur. 

H    Make  the  following  teste  upon  a  solution  of  geladn  in  hot  water : 
'    (a)  Precipitation  by  Mineral  Acids.— Is  it  precipitated  by  strong  mineral 

■cidt  soch  as  concentrated  hydrochloric  acid? 

(b)  Sahtng-out  Experiment.  -  Saturate  a  little  of  the  solution  with  solid 

■nmeaium  sulphate.    Is  the   gelatin  precipitated?    Repeat  the   experiment 

■ilh  sodium  chloride.    What  is  the  result? 

;c)  Precipitation  by  Metallic  Salts.  -  Is  it  precipitated  by  metallic  salts  such 

tt  topper  sulphate,  mercuric  chloride,  and  lead  acetate? 

(d)  Coagulation  Test— Does  it  coagulate  upon  boiUng? 

(e)  Precipitation  by  Alkaloidsl  Reagents.- Is  it  precipitated  by  such  reagents 
u  picric  acid,  tannic  acid,  and  trichloracetic  acid? 

^—    (f)  Biuret  Test. — Does  it  respond  to  the  biuret  test? 

^k  (|)  Bardach's  Reaction.— ^Does  it  yield  the  typical  crystals  of  this  reaction? 

^S«e  page  loi.j 

fe{h)  Precipitation  by  Alcohol.— Fill  a  test-tube  one-half  full  of  95  per  cent 
ihol  and  pour  In  a  small  amount  of  concentrated  gelatin  solution.    Do  you 
«  ptecipitale?     How  would  you  prepare  pure  gelatin  from  the  tendo  Achillis 
>t  tbt  02? 


n.  YELLOW  ELASTIC  TISSUE  (EL.\STIN) 


"Hie  ligamtntum  nucha  of  the  ox  may  be  taken  as  a  satisfactory  type 

the  yetlow  elastic  connective  tbsue,     The  principal  solid  con- 

m«iit  of  this  tissue  is  eiaslin,  a.  member  ol  the  i:k\b\am<CiCAdk  ^o'^Ol'^. 
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In  common  with  the  iLeratins  and  collagen,  clastin  is  an  insoluUe  hody 
and  gives  the  protein  color  reactions.  It  dififers  from  keratio  prin- 
dpalJy  in  the  fact  that  it  may  be  digested  by  enzymes  and  thjt  it 
contains  a  ver>'  small  amount  of  sulphur. 

It  has  been  demonstrated  that  elastin  has  the  property  of  adtorb- 
ing  pepsin  from  the  gastric  juice  and  Uius  protecting  it  so  the  cm^mt 
can  function  later  in  the  intestine'  (see  Chapter  on  Gastric  Digeslina) 

Ycllovr  clastic  tissue  also  contains  mucoid  and  collagen  but  these  arc 
present  in  mudi  smaller  amount  than  in  white  fibrous  ti&sue,  as  maybe 
seen  from  the  following  percentage  composition  of  the  fresh  Hgamtalm 
nucha  of  the  ox  as  determined  by  Vandegrifi  and  Gies.' 


Wsiw. 

Solid* 

Inorganic  matter 

Omnlc  matter 

Fatty  tubsi>nce  (elhei-«clubl*> 

CoagnlaUe  protein.  . 

Mueolt)., 

BaiUm 

COllageii — 

Extractive*,  cti: 


I.  tj 
0.63 

o-SS 
31.67 

J.»3 
o.So 


imV 


0-4; 
41-06 


Experiments  on  Elastin 


I.  Prcparatioa  of  Elastin  fRtcbards  and  GieB).*— Cut  the  Ugameni  iolo  Ut 
stripe,  run  it  through  a  meat  chopper  and  wash  the  finely  divided  matciitl  in  (^i< 
running  water  (or  14-48  hours.  Add  an  excess  of  haU-satur«t»d  limo  -nta, 
(see  note  at  the  bottom  of  page  333)  and  allow  the  hashed  ligament  to  eitnd 
for  48-72  hours.  Decant  the  lime  water,  remove  sU  traces  of  alkali  by  wsihiDt 
in  water  and  then  boil  in  water  with  repeated  renewals  until  only  traces  of  pnldn 
malerial  can  be  detected  in  the  wash  water.  Decant  the  fluid  and  t>oil  tbe  lip- 
ment  in  10  percent  acetic  acid  for  a  few  boti;^.  Treat  the  pieces  willispcrKDi 
hydrochloric  acid  at  room  temperature  for  a  similar  period,  extract  >eain  in 
hot  acetic  acid  and  in  cold  hydrochloric  acid.  Wash  out  traces  of  add  bj  niMfS 
of  water  and  then  thoroughly  drhydrate  by  boiling  alcohol  and  boiline  ctl>ci^ 
in  turn.    Dry  In  an  ali-bath  and  grind  to  a  powder  in  a  mortar. 

3.  Solubility.— Try  the  solubility  ol  the  finely  divided  elastin,  prepared  1 
yourself  or  furnished  by  the  instructor,  in  the  ordinary  solvents  (cec  jtff  i'- 
How  does  its  solubility  compare  with  that  of  collagen? 

3.  Mlllon's  Reaction. 

4.  Xanthoproteic  Reaction. 

5.  BitirctTest. 

6.  Glyoxylic  Acid  Reaction  (Hopkins-Colej.— Conduct  this  test  aocotdin(i= 
the  modification  given  on  page  107. 

7.  Test  for  Unoxidized  Sulphur. 

'  Abdeibaldcn  and  Mey«T:  Zeit.  pkytiti.  Chtm..  74,  C7,  tun. 
'  VandcgtUt  and  Gics:  Am.  J&ur.  Pkytiot.,  s,  38;,  1901. 
'  JUcAanto  and  Gie*:  At».  Jvur.  PkytiiA.,  ^,  ^i,  \<fyt. 
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m.  CARTILAGE 

^  The  principal  solid  constituents  of  the  matrix  of  cartilaginous  tissue 
c  chondromucoid,  chtmdroUin-suiphuric  acid,  chottdroalbumoid  and 
llogen.  Chondromucoid  difters  from  the  mucoids  isolated  from 
her  connective  tissues  in  the  targe  amount  of  diondroitin-sulphuric 
jd  obtained  upon  decomposition.  Besides  being  an  important 
jnstituent  of  all  fonns  of  cartilage,  chondroitin-sulphuric  add  has 
een  found  in  bone,  ligament,  the  mucosa  of  the  pig's  stomach,  the 
idaey  of  the  ox,  the  inner  coats  of  large  arteries  and  in  human  urine, 
t may  be  decomposed  through  the  action  of  add  and  yields  a  nitrogenous 
lody  known  as  chondroitin  and  later  this  body  yields  chondrosin. 
)hondrosiD  is  al&o  a  nitrogenous  body  and  has  the  power  of  redudng 
'ehling's  solution  more  strongly  than  dextrose.  Levcne  and  La  Forge^ 
litm  the  reducing  action  of  chondrosin  to  be  due  to  an  hexosamitu 
tmneric  ivitk  glucosamine.  Sulphuric  add  is  a  by-product  in  the  forma- 
ioa  of  diondtoitin,  and  acetic  acid  is  a  bj'-product  in  the  formation  of 
Jiondrwun. 

{  Cbondroalbumoid  is  similar  in  some  respects  to  elastin  and  keratin. 
ft  (Offers  from  keratin  in  being  soluble  in  gastric  juice  and  in  containing 
considerably  less  sulphur  than  any  member  of  the  Iteratin  group.  It 
iia  the  usual  protein  color  reactions. 
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Experiments  on  Cartilage 


I.  Preparation  of  the  Cartilage.-  Boil  the  trachea  of  an  ox  io  water  until 
9i«  uftUage  [ings  may  be  completely  freed  from  the  surroundiDg  tissue.  U5« 
luurtilage  so  obtained  in  the  following  experiments: 

1.  Solubility.— Cut  one  of  the  rings  into  ver>-  small  pieces  and  try  the  solubility 
rf  Ibe  cartilage  in  water  and  dilute  and  concentrated  add  and  alkali. 
.  i-  Millon's  Reaction, 
t  4-  Xanthoproteic  Reaction. 

5.    Glyoxylic  Acid  Reaction  (Hopkins-Cole). — ConiJuct  this  lest  according  to 
i>e  modiflcation  given  on  page  107. 
b  6.  Teat  for  Unoxidized  Sulphur. 

I  ?■  Preparation  of  Cartilage  Gelatin.^Cut  the  remaining  cartilage  rings 
ito  tmaH  pieces,  place  them  in  a  casserole  with  water  and  boil  (or  several  hours. 
Qter  while  the  solution  is  utill  hot  Observe  that  the  filtrate  soon  becomes 
'Ore  or  leas  solid.  What  is  the  reason  for  this?  Bring  a  portion  of  the  material 
ito  sohitkm  by  heat  and  try  the  following  testa : 

1(a)  Biuret  Test. 
0i)  Bardach'B  Reaction, 
(c)  Test  for  Unoxidiicd  Sulphur, 
(d)  To  about  5  c.c.  of  the  solution  in  a  teet-tube  add  a  few  drops  of  barium 
■toride.    Do  you  get  a  precipitate,  and  if  w  to  what  is  the  ^cipitate  da«l 
-^Leveoeiurd^  Forge:  Pree.  Soc.  ep.  BM.  and  M(d.,  11,  tl^,  i^^V 


^Leveoc 


(t)  To  about  5  cc  of  the  eolutioa  in  b  test-tnbe  add  a  few  drops  of  dilute 
hydrochloric  add  and  boil  for  a  few  moments.  Row  add  a  little  barium  cUccite 
to  this  tolntion.  Ik  the  precipitate  any  larger  than  that  obtained  in  the  pn<«diii( 
expeiment?    Why? 

(f)  To  the  remaiiideT  of  the  solution  add  a  little  dilute  hydrochloric  add 
and  boil  for  a  few  momenta.  Cool  the  sc^ution,  neutrshze  with  solid  potaaiiia 
hydroxide,  and  try  Fehlinji's  test.    Explain  the  result. 


IV.  OSSEOUS  TISSUE 


4 


Of  the  solids  of  booe  about  equal  parts  are  organic  and  inorganic 
matter,  llic  organic  portion,  called  ossein,  may  be  obtained  by  re- 
moving the  inorganic  salts  through  the  medium  of  dilute  add.  Ossdn 
is  practically  the  same  body  whidi  is  termed  collagen  in  the  a&a 
coiinecti\-c  tisjiues,  and  in  common  with  collagen  yields  gelatin  upon 
being  boiled  with  dilute  mineral  acid. 

In  common  witli  the  other  coimectivc  tissues  bone  contains  s 
mucoid  and  an  albuminoid.  Because  of  their  origin  these  bodies  m 
called  osseomuc-oid  and  osscoalbumoid.  Osseomucoid,  when  boiled  wili 
hydrochloric  acid,  yields  sulphuric  acid  and  a  substance  capable  of 
n-ducing  Fehling's  solution.  The  composition  of  osseomucoid  iiWiT 
similar  to  that  of  tendomucoid  and  diondromucoid  (see  page  iij). 

Tlic  inorganic  basb  of  the  dry,  fat-free  bone  is  a  chemical  substana, 
not  a  mixture.     Tliis  fact  is  indicated  by  the  uniform  composHi 
the  bones  of  fasting  ammals  as  well  as  by  the  definite  relationship 
ing  between  lite  elements  present.     Bones  of  normal  and  fasting 
of  the  same  species  present  no  profound  differences  in  percentage 
position.     The  percentage  composition  of  the  dry,  fat-free  femurs  of 
dogs'  after  the  animals  had  fasted  for  104  and  14  days  respectively 
as  follows: 


Dog  No. 

Length  of  fast 

1      Ad) 

N 

CaO 

u«o 

i 

I. 

104  days 

61.50 

«« 

Hi 

0.8 

1 

•. 

t4dqF> 

1    61-63 

4-t 

jj.i 

o-» 

A 

The  marked  uniformity  in  composition  notwithstanding  the  «idt 
variation  in  the  fasting  periods  is  siguiiicant.    The  tensile  strength  4I 
the  femur  of  the  dog  has  been  found  to  be  at  least  35,000  pounds  to  tbc ' 
square  inch*  whereas  that  of  oak  is  10,000  and  that  of  cast  iron  Vii 
pounds  to  the  square  indi. 

>Johii«toiiiiidIUwk:Unpubltiheit(}ata.    For  data  00  a  ii7.dByfut  bydogNo.!,' 
i/cmv,  JiJaiiiU  and  Hawk:  Jtw.  Biol.  Chm.,  \t,  wi,  i^^'v. 


Experiment  on  Osseous  1'issce 


The  percentage  composition  of  normal  human  bone  and  of  bone  from 
case  of  osteomalacia  is  given  in  the  following  table:' 


Coiutitucnt 


Klod  of  boae 


KOflMl  OMMDUkdfc 


iWuai{C»0) 

laSDnhim  (MgO) . . 
iM^ihaffiu  (PiOi).. 
■IpbuCS) 


0.14 
«9-SJ 
»-»4 


IS** 

<»S7 

19,01 


Qualitative  Analysis  of  Bone  Ash. — ^Take  i  gram  of  bone  ash  ia  t  bbuUI 
taker  and  add  a  tittle  dilute  nitric  acid.  What  does  the  effervescence  Indicate? 
lir  tboroughlf  and  wbcn  the  major  portion  of  the  ash  is  dissolved  add  an  equal 
Qhune  of  water  and  filler.  To  the  acid  filtrate  add  ammonium  hydroxide  to 
Ikaliiie  reaction.  A  heavjr  while  precipitAte  of  phosphates  results.  (What 
hotphales  are  precipitated  here  by  the  ammonia?  !<  Filter  and  test  the  filtrate 
cUorides,  sulphates,  phosphates,  and  calcium.  Add  dilute  acetic  add  to 
k  prtctpitate  on  the  paper  and  test  a  little  of  this  filtrate  for  calcium  and  phos- 
hlles.  Beat  the  remainder  of  the  filtrate  to  boiUng  and  add  (NH<)>CO,  and 
tCl  slowly  to  this  hot  solution  as  long  as  a  precipitate  forms.  Filter  off  the 
itate  of  CaCOi  and  wash  with  hot  water  unlit  free  from  alkalL'  Add  a 
of  NaiHPO,,  make  strongly  alkaline  with  NH.OH,  and  note  the  forma- 
o(  a  white  precipitate  of  ammonium  magnesium  phosphate  iNH,MgPO«) 
,e  the  crystals  under  the  microscope  and  compare  with  those  shown  in 
119,  page  408.  To  the  precipiute  on  the  filter  paper,  which  was  insoluble 
icetic  add  add  a  Uttle  dilute  hydrochloric  acid  and  test  this  last  filtrate  for 
otphates  and  iron. 
Reference  to  the  following  scheme  may  facilitate  the  analysis. 


'McCrildden:  Jour.  BM.  Cktm.,  7,  109,  1910. 

'Ma^eiium  i»  not  prcdpltated  here  bevauM  of  pre»ence  of  NH<CI- 
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Add  dilute  nitric  tdd,  stir  tborouAhly  and  after  tlie  major  portion  o[  the  ash  bv  I 
brought  into  solution  add  a  little  distiUed  water  and  filter. 


RMidoe  I. 

(discard) 


I 

FUbstfl  L 

Add  ammonium  hydroxide  to 

alkaline  reaction  asd  filter. 


Reaidne  II. 
Treat  on  paper  with  acetic  acid. 


Reddae  m. 
Treat  on  paper  with  hydro- 
chloric add. 

FUtnte  IV. 
Test  for: 
I.  Iron. 
*,  Phosphates. 


FOtrate  m. 
Test  for: 
I.  Phosphates. 
i.  Calaum. 
3.  Magnesium 


V.  ADIPOSE  TISSUE 


riltate  n. 
Test  for; 
I.  Chlorides. 
3.  Sulphates. 

3.  Phosphates. 

4.  Calaum. 


Adipose  tissue  consists  almost  entirely  of  a  mixture  of  fats.  R 
discussion  and  experiments  see  chapter  on  Fats,  page  176. 


CHAPTER  XDC 
MUSCULAR  TISSUE 

The  muscular  tissues  are  divided  physiologically  into  the  voluntary 
riated)  and  the  involuntary  (non-striated  or  smooth).  In  the 
■mical  examination  of  muscular  tissue  the  voluntary  form  is  gener- 
ic employed.  Muscle  contains  about  25  per  cent  of  solid  matter, 
which  about  four-fifths  is  protein  material  and  the  remaining  one- 
h  extractives  and  inorganic  salts. 

The  proteins  are  the  most  important  of  the  constituents  of  muscular 
iue.  In  the  living  muscle  we  find  two  proteins,  myosinogen  and 
ra-myosinogen.  These  may  be  shown  to  be  present  in  muscle  plasma 
tressed  from  fresh  muscles.  In  common  with  the  plasma  of  the 
tod  this  muscle  plasma  has  the  power  of  coagulating,  and  the  clot 
med  in  this  process  is  called  myosin.  According  to  Halliburton^ 
d  others  in  the  onset  of  rigor  mortis  we  have  an  indication  of  the  for- 
ition  of  this  myosin  clot  within  the  body.  The  relation  between  the 
steins  of  living  and  dead  muscle  is  represented  graphically  by  Halli- 
iton  as  follows: 

Proteins  of  the  living  muscle. 

r-  -^ 

Pm-inyounogeD  (35%).  Myodnogen  (75%). 

I  Soluble  myosin. 

Myosin. 
(The  protein  of  the  muscle  clot.) 

Of  the  total  protein  content  of  living  muscle  about  75  per  cent  is 
ade  up  by  the  myosinogen  and  the  remaining  25  per  cent  is  para- 
yosinogen.  These  proteins  may  be  separated  by  subjecting  the 
uscle  plasma  to  fractional  coagulation  in  the  usual  way.  Under 
ese  amditions  the  para-myosinogen  is  found  to  coagulate  at  47°C. 
d  the  myosinogen  to  coagulate  at  56°C.  It  is  also  claimed  by  some 
I'estigators  that  it  is  possible  to  separate  these  two  proteins  by  the 
ictional  ammonium  sulphate  method,  but  the  possibility  ot  rua.ki'Mt 

'tbBburton:  Biocbemislry  ul  Afuscic  and  Nerve,  1504.  p.  \. 
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an  accurate  separation  by  this  method  is  somev^iat  doubtfal.  Itu 
well  established  that  para-myosinogen  is  a  globuUn  since  it  responds  ta 
certain  of  the  protein  predpitation  tests  and  is  insoluble  in  water. 
Myosinogca,  on  the  contrary,  is  not  a  typical  globulin  since  it  b 
soluble  in  water.  It  has  been  called  a  psetuUhghbutitt.  Myosin  pos- 
sesses the  globulin  characteristics.  It  h  insoluble  in  water  but  soluble 
in  the  other  protein  solvents  and  is  precipitated  from  its  solution  upon 
saturation  witli  sodium  chloride. 

Mellanby  has  reported  observations  which  he  claims  indicate  tha: 
there  is  only  owe  protein  in  muscle  and  that  rigor  morlis  is  due  to  ibe 
coagulation  of  this  protein  under  tlie  combined  influences  of  the  salt 
present  in  the  muscle  and  the  lactic  acid  developed  upon  the  death  of 
the  muscle.  He  further  state*,  that  the  disappearance  of  rigor  is  due 
to  the  fact  tliat  the  lactic  acid  wliidi  is  continually  formed  brings  this 
protein  into  solution.  There  is  a  difTerence  of  opinion  as  to  whcthn 
true  rigor  cva  occurs  in  connection  with  non-striated  (smooth)' 
muscle. 

Our  ideas  concerning  the  cause  of  rigor  ha\x  undergone  an  im- 
portant re\'ision  in  recent  years.  .\  very  attractive  theory  has  been 
advanced  by  Mcigs^  and  experimental  confirmation  has  been  accorded 
it  by  von  Ftlrth  and  Lenk.'  According  to  this  theory,  rigor  has  no 
connection  with  the  coagulation  of  the  muscle  proteins  and  may  tnoi 
be  hindered  or  prevented  by  such  coagulation.  The  cause  of  np. 
from  this  new  \'icwpoint,  lies  in  the  imbibilion  of  water  by  the  imurif 
colloids.  It  is  wi-ll  known  that  colloids  possess  the  property  of  abwib- 
ing  whatc\'cr  fluid  may  be  in  contact  with  them.  Moreover,  the 
capacity  of  the  colloid  for  water  is  increased  if  the  fluid  is  sli^tly  add 
in  reaction.  'ITiereforc  the  postmortem  production  of  lactic  »,or\ 
facilitates  tlie  imbibition  of  muscle  fluid  by  the  muscle  collai*^- 
Under  such  conditions,  the  fibers  swell,  become  rigid  and  the  condiii'Xt 
known  as  rigor  mortis  results.  The  disappearance  of  rigor  is  belicifl 
to  be  due  to  the  coagulation  of  the  muscle  protein  through  the  tffSifl 
of  the  accumulated  lactic  add.  Tliis  diange  is  accompanied  by  a  r^ 
lease  of  the  imbibed  water  by  the  colloids,  inasmuch  as  the  caplfit}' 
of  a  colloid  for  retaining  fluid  is  lowered  by  coagulation. 

Under  the  name  extractives  we  class  a  number  of  musde  constituMl* 
which  occur  in  traces  in  the  tissue  and  may  be  extracted  by  wit"' 
alcohol,  nr  ether.  There  are  two  classes  of  these  extractives,  the  n^ 
nitrogenous  extractives  and  the  nilrogenous  extractives.    Grouped  ufldw 

'  Sul:  B*ilrSt«  tur  ciitmitclitn  Pfiytiflvti*  und  PatM^iU,  g,  I,  igiOj, 

*  Mcljn:  Amtriciin  Journal  of  PiysMccy,  16.  igi,  iqio. 

*  von  FQith  and  Lcnlc:  Wienrr  klinifclie  WotktHiciri/l,  14,  1079,  1911. 
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aon-nitrogenous  bodies  we  have  gtyoficn,  dextrin,  sugars,  lactic 
!,  itusilf,  C(Hi(OH)«,  and  /at.  In  the  dass  of  nitroRcnous  t-xtract- 
we  haTfl  (realine,  creatinine,  xanthine,  hypox^tnthine,  uric  acid. 
;,  camitte,  guanine,  phosphocamic  acid,  inosinic  add,  carnosine, 
me,  camitine,  nmaine,  ignoline,  neostne,  obliline,  carnomuscarine, 
nutk^guanidine  (see  formulas  on  pp.  127  and  346).  Xot  all  of 
e  extractives  are  present  in  the  muscles  of  all  species  of  animals. 
»  extractives  besides  those  enumerated  above  have  been  described 
there  arc  undoubtedly  still  others  whose  presence  remains  undeter- 
sd.  A  detailed  consideration  would,  however,  be  unprofitable  in 
place. 

jlyoogen  is  an  important  constituent  of  muscle.  The  content 
lis  polj-saccharidc  in  muscle  varies  and  is  markedly  decreased  by 
ose  muscular  activity.  It  is  transformed  into  sugar  and  used  as 
,  The  liver  is  the  organ  which  stores  the  reserve  supply  of  glycogen 
transforms  it  into  glucose  which  is  passed  into  the  blood  stream 
90  carried  to  the  working  muscle  where  it  is  synthesized  into  gly- 
n.  The  glycogen  tlius  formed  is  then  changed  into  glucose  as  the 
king  muscle  may  need  it. 

Glycogen  is  a  polysaccliaridc  and  has  the  same  percentage  com- 
ition  as  starch  and  dextrin.  It  resembles  starch  in  forming  an  opal- 
nt  solution  and  resembles  dextrin  in  being  very  soluble,  in  giving 
Ush  oolor  with  iodine  and  in  being  dextro-rotatory.  Glycogen  may 
prepared  from  muscle  by  extracting  with  boiling  water  and  then 
apitating  tlie  glycogen  from  tlie  aqueous  solution  by  alcohol;  dilute 
»ncentrated  potassium  hydroxide  may  also  be  used  to  extract  the 
BMi.  Glycogen  may  be  prepared  in  the  form  of  a  white,  tasteless, 
^phous  powder.  It  is  completely  precipitated  from  its  solution 
laturation  with  solid  ammonium  sulphate,  but  is  not  precipitated  by 
iration  with  sodium  chloride.  It  may  also  be  precipitated  by 
hoi,  tannic  acid,  or  ammoniacal  basic  lead  acetate.  It  has  the 
rer  of  holding  cupric  hydroxide  in  solution  in  alkaline  fluids  but 
not  reduce  it.  It  may  be  hydrolyzed  with  the  formation  of  glucose 
lilute  mineral  acids  and  is  readily  digested  by  amylolytic  enzymes. 
Mendel  and  Leavenworth  have  drawn  the  conclusion,  from  the  cx- 
nation  of  embryo  pigs,  that  embryonic  structures  do  not  contain 
iptionally  large  amounts  of  glycogen.  The  distribution  of  the 
»gen  was  not  observed  to  differ  from  that  in  the  adult  animal  ex- 
1  that  the  liver  of  the  embryo  does  not  assume  its  glycogen-stor- 
lunction  early.  They  further  draw  the  conclusion  that  the  meta- 
c  transformations  of  glycogen  in  the  embryo  and  the  adult  are 
rdy  analogous. 


342 


PHVSlOLCKJICAt  CHZIUSTRY 


The  lactic  acid  occurring  in  the  mu&culat  tissue  of  vertebrates  u_ 
paralaclic  or  sarcoUutic  acid,' 

H    OH  . 


H-C 

I 
H 


:— coOH. 


The  reaction  of  an  inactive  living  muscle  is  alkaline,  but  upon  the  deatb 
of  the  muscle,  or  after  the  continued  activity  of  a  living  muscle,  tht 
reaction  becomes  acid,  due  to  the  formation  of  lactic  add.  There  is  i 
difference  of  opinion  regarding  the  origin  of  this  lactic  add.  Some 
investigators  claim  it  to  arise  from  the  carbohydrates  of  the  musck, 
while  others  ascribe  to  it  a  protein  origin.  The  strongest  e\idenee 
favors  a  carbohydrate  source.' 


g^y^^^ 


PlO.  IIO;— CBKATltns. 

Anumg  the  nitrogenous  extractives  of  muscle,  those  which  arc  oi  tlw     , 
most  interest  in  this  comiection  are  creatine  and  the  purine  base^fl 
xanthine  and  hypoxanthine.     Creatine  is  found  in  varying  amoumsin     i 
the  muscles  of  different  species,  the  muscles  of  birds  having  shown 
the  largest  amount.    It  has  also  been  found  in  the  blood,  the  br^,  i» 
transudates  and  in  the  thjToid  gland.     Creatine  may  be  crystalUw^ 
and  forms  colorless  rhombic  prisms  (Fig.  no)  whidh  are  soluble  in 
warm  water  and  practically  insoluble  in  alcohol  and  ether.    I'po" 
boiling  a  solution  of  creatine  with  dilute  hydrochloric  add  it  is  dehydn<- 
lyied  and  its  anhydride  creatinine  is  formed.    Ihe  theory  that  the 

>  Tliit  i(  dtxUe-rttatory,  nhcicnt  ftrmtnijilion  bvlic  acid  (itJ-lnctic  add)  b  opD'cxIljj 
io&clivc. 

'Levenr  and  Meytt:  Jouf.  Biol.  Chcm.,  \\,  jdi,  iqii. 
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iDe  of  ing«ated  meat  is  transformed  into  creatinine  and  excreted 
e  urine  has  been  proven  untenable  through  the  researches  of  Fotin, 
±er,  and  Wolf  and  Shaffer.  It  is  now  known  that  under  nonnal 
itions  the  ingestion  of  creatine  in  no  way  inducnces  the  excretion 
eatinine.  In  the  case  of  Eck  fistula  dogs,  however,  London  and 
uski^  found  ingested  creatine  to  increase  the  output  of  creatinine 
e  urine.  Tliis  finding  is  of  importance  as  throwing  light  upon  tlie 
of  the  liver  in  creatine  and  creatinine  metabolism.  In  this  con- 
on  it  is  important  to  note  that  there  is  no  normal  excretion  of 
^aums  (see  page  378)  creatine,  a  statement  proven  by  the  fact  that 
cTvatiQc  be  ingested  Done  will  be  excreted.  Folin^  has  shown  that 
lain  bulk  of  ingested  creatine  is  retained  in  the  body,  unless  the  diet 
tins  a  large  amount  of  protein  material.  In  fasting  the  urine 
lins  considerable  creatine,  «.,  120  mg.  or  more  per  day.  Under 
in  patholegtcal  conditions,  €.g.,  fevers,  the  urine  may  contain 
]tnous  creatine  which  is  probably  derived  from  the  catabolism 
uscular  tissue,  as  Benedict,  Mcllanby,  and  Shaffer  have  suggested. 
«iict  and  Osterberg'  believe  we  may  have  a  high  creatine  climina- 
whidi  has  no  relation  to  the  catabolism  of  muscle. 
icCrudden*  reports  creatine  in  the  urine  in  cases  of  infantilism 
ndroplasia  and  cretinism  the  amount  present  being  increased 
1  the  carbohydrate  ingcition  was  increased. 

(t  has  been  stated  that  creatine  does  not  occur  in  non-striated 
de.  It  has,  however,  been  found  in  the  non-striated  mu&des  of 
'amprey  the  lowest  form  of  vertebrates.* 

Imbcrg  and  Morrill,'  Sedgwick,'  Rose*  and  FoUn*  have  shown  that 
tine  is  a  normal  constituent  of  the  urine  of  infants  and  children 
15  mg.  per  day),  Folin  explains  this  phenomenon  on  the  basis  of 
relatively  high  protein  Intake,  whereas  Rose  believes  it  Is  due  to  a 
Jiar  carbohydrate  metabolism. 

iesides  being  a  normal  constituent  of  muscle,  xanthine  has  been 
i  in  the  brain,  spleen,  pancreas,  thymus,  kidneys,  testicles,  liver, 
in  the  urine.  It  may  be  obtained  in  crystalline  form  (Fig.  iii, 
\4),  but  ordinarily  it  is  amorphous.  Xanthine  is  easily  soluble  in 
lis,  less  soluble  in  water  and  dilute  acids,  and  entirely  insoluble  in 
iiol  and  ether. 

•oadoci  uiil  Bolyatdrti:    Zrii.  fkyt.  ihem.,  61,  465, 190Q. 

'olla;  HomBUriUn  PciUtJtrifl,  p.  ij, 

)eiir<Uct  aad  (Hleiben;:  Jour.  Biol.  CMtm.,  1$,  19J,  igi4. 

Ac  Cnjddca:  Jtur,  Expt.  Uti.,  15,  457,  1911, 

i«IUnl>y:  Jmr.  ofPkyii«l„j6,  471,  1908.    \VUton:  J<rur  Biol.  Ci«m.,  18,  17,  1914- 

kmbof  and  Morrill:  /xwr.  Bid.  Cktm.,  j,  jk,  1907- 

ledjwkk:  Jmr.  Am.  iltd.  An'n,  55,  1178,  1910. 

to«e;  Jntr.  Bui.  Ck*m.,  10,  i6j,  1911. 

fwBn:  Itid..  it,  »jj,  tgii. 
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HjTJoxan  thine  occurs  ordinarily  in  those  tissues  and  fluids 

contain  xanthine.     It  has  been  found,  unaccompanied  by  xanthine,  ia 

bone  marrow  and  in  milk.     Unlike  xanthine  it  may  be  easily  crystallited 

in  the  fonn  of  small,  colorless  ntwlles.     It  is  readily  soluble  in  alkalis, 

Eids,  and  boiling  water,  less  soluble  in  cold  water  and  practically  iii- 

^luble  in  alcohol  and  ether. 

The  predominating  inorganic  salt  of  muscle  is  potassium  phosphate. 
Besides  this  salt  we  have  present  chlorides  and  salts  of  sodium,  calcium, 
magnesium,  and  iron.     Sulphates  are  also  present  in  traces. 

Mendel  and  Saiki  have  made  some  interesting  observations  upon  I 
liemical  composition  of  non-ilriaUd  or  smooth  (involuntary)  mat 


Fio.iii.— XAvraiNE. 
A  ter  the  dnwingi  of  Uotbacscirilu,  »  represented  in  N«ub«utT  and  Vogd.    (fi 

muscle,  such  as  the  urinary  bladder  and  the  muscular  coat  of  the  stoiD- 
ach  of  the  pi^.  Uypoxanthinc  was  found  to  be  the  predominant  purint 
base  present.  Creatine  and  paialactic  acid  were  also  isolated.  Thc» 
investigators  were  unable  to  demonstrate,  delinitely,  the  presence  c< 
glycogen  in  tlie  non-striated  muscles  studied,  but  state  Uiat  "Ihf 
tissues  possess  the  property  of  transforming  glycogen  in  the  chai- 
acteristic  enzymatic  way."  The  most  important  part  of  their  in- 
vestigation consists  in  a  rather  complete  analysis  of  the  inorgsu^ 
constituents  of  these  muscles.  A  notable  difTcrence  in  the  relaiirt 
distribution  of  the  various  inorganic  constituents  was  observed,  * 
di0ercnc(;  which,  according  lo  the  authors,  "can  be  accounted  for  in 
part  only  by  an  admixture  of  l>Tnph."  The  comparative  composlioD 
of  the  inorganic  portion  of  striated  and  non-striated  muscle  and  of  blod 
serum  for  comparison  is  shown  in  the  following  table: 


Muscm-AR  Tisstne 


MS 


Pa  loo  pirt*  of  frah  mu»de 


K,O:Na,OFe,0,  CaOlMgO;   O 


lde<MeDd«l  and  Saiki)o.oSip. 318)0. otijo. 0440. oa7|o.i7i!o.  184  80.6 
Ji*U) o. 3060. nolo. ooS^o  oiic,c47'a-o4S»  487   1'-9 


P*. 


Hrf) 


r^ 


e.0970.4151 |o. 01 3 10.00410.363^0.  oaa  91.8 


jting  comparative  study  of  the  ash  of  the  smooth  muscle  of 
6i  the  frog  and  the  striated  muscle  from  the  same  animal 

rtiy  reported  by  Meigs  and  Ryan,'  Their  data  indicate 
muscle  contains  somewhat  less  potassium  and  phos- 
iomcwhat  more  sodium  and  chlorine  than  the  striated 
f  same  ammal,  but  that  the  difiercnce^  in  Ihese  respects 
two  tissues  are  not  by  any  means  so  marked  as  has  some- 
tpposcd."    Their  average  figures  for  each  type  of  muscle 


Per  100  parU  of  fresh  muscle 


Na      Fe    I  O 


( I" 

I « 


Mk 


a      S   'SoHdt  HiO 


.3500.054 a. 010  ;0.oj8o.o3o|o.i55  0.066.0.141  10-13    n-Sj 

'«>3iS;o.07}|0-ooo7ie>o04o.oi3ia.i37|o.iao!e.i6iii7.7o  iSa.w 
r  I  I  I  I  1  I I 


iration  from  which  the  above  data  for  smooth  muscle 

d  were  shown  by  histological  examination  to  consist  in 

smooth  muscle  fibers. 

{tissue  is  said  to  contain  a  reddish  pigment  called  mye- 

|l  is  a  derivative  of  hemoglobin. 

lied  "fatigue  substances"  of  muscle  are  carbon  dioxide, 

id,  and  potassium  dihydrogcn  phosphate. 

&ry  commercial  "meat  extract"  is  composed  principally 

leoluble  constituents  of  muscle  and  conlains  practically 

witive  value.    The  protein  m:itcrial  to  which  meat  owes 

h  article  of  diet  is  ordinarily  practically  all  removed  in 

bn  of  the  extract.     Occasionally  some  preparations  arc 

tain  proteose,  whicJi  is  formed  from  the  meat  proteins  in 

f  preparation. 

i&hown  that  Liebig's  extract  is  without  influence  upon  the 

tyan:  /intrmal  n/ Biologkai  Ckemislry,  it,  401,  iQit. 
iiU.  Chtm.,  ij,  ijs,  1911. 
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metabolism  (energy)  in  spite  of  the  glandular  activity  it  is  knoin 
induce. 

The  structural  formulas  of  some  of  the  nitrogenous  extractive) 
muscle  are  as  follows: 


NH, 

HN-C 

N.(CH,).CHi.COOH. 

ClWATIKX,  CiHtViOt. 
Ultkyl-MmanUimt  ttUt  »tU. 

NH, 
I 

c-=o 

NH, 

UaaA.CONiHi. 


-CO 


HN  — 

I 
HN  =  C 

N.(CH,).CH, 

CkiATiiniiB,  CtHiNiO. 
OmMm  aaMrMh 


CH,.NH, 

CH,.SO,OH 


TAVanot,  CiHiNBOf. 


O CO 

(CH,),.N 

CHr-CH.OH— CHj 
CAunriNX.  CtHuNOi. 
y-lriMilliylahiiilynbila  im. 

OH 
(CH,),N 

CH,.CH,.CH,.CHCOH), 

NOVAIHK.  ClHllNOl. 

Camosine,  C»Hi«N40i. 

Neosine,  C»Hi)NO». 

Ignotine,  C.HnN.Oi.' 

Phosphocamic  add,  CioHitNiOi  or  CioHitNiOi- 

Inosinic  add,  (H0),.P0.0.CH»(CH0H)i-CH:(CiH,N40). 

Purine  Bodies. ' — 

HN— CO  HN—CO 


HC     C— NH 


>CH 


N— C— N 

HvpoxArrtHiHK.  CiHiNiO. 
t-ucyfriiu. 


OC     C— NH 

!i  >H 

HN— C— N 

Xakthinx.  CtHiNiOi. 
t-t-iioxytmimt. 


'  For  discussion  of  the  purine  bodies  which  &ie  found  u  muscle  extnctive  Me  Chlj 

VI  on  Nucleic  Adds. 
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H.N— CO 


N  =  C.XH, 


H,X.C     C— NH 


HC     C— NH 


CH 


N— C— H 

OutMiHC.  CiHiS'iO. 


CH 


N— C— N 


Experiments  on  Mnson-AR  Tissue 

I.  Eiperininits  on  "Uvint"  Muacle 

!■  Preptiadon  of  Musde  Plasnu  (Halliburton  ).^Wasli  out  the  blood  vessels 
la  freshly  klUcd  rabbit  with  0.9  per  cent  sodium  chloride.  This  can  best  ba 
done  by  opentag  flie  abdomen  and  inserting  a  cannula  into  the  aorta.  Now 
nmoie  the  skin  from  the  lower  Umbs,  cut  away  the  muscles  and  divide  them 
into  wi)'  small  pieces  by  means  of  a  meat  chopper.  Transfer  the  pieces  of 
nuiclc  to  a  mortar  and  grind  them  with  clean  Band  and  a  little  Ice  cold  5  per 
cmt  magaeBlam  sulphate.  Place  in  an  ice-box  over  night.  Filter  off  the  salted 
Sutde  plasma  and  make  the  following  tests : 

la)  Reaction. — ^Test  the  reaction  to  btmus,  phenolphtbalein,  and  Congo  red. 
Vhat  is  the  reaction  of  this  fresh  muscle  plasma? 

lb)  Fractional  Coagulation. — Place  a  little  muscle  plasma  In  a  test-tube  and 
Unnge  theap|MUmtus  for  fractional  coagulation  as  explained  on  page  105.  Raise 
be  temperatim  very  carefully  from  30X.  and  note  any  changes  which  may  occur 
■Ml  the  exact  temperature  at  which  such  changes  take  place.  When  the  first 
rotein  (para-myoainogen)  coagulates  Slier  it  o0  and  then  heat  the  dear  filtrate 
s  before,  being  careful  to  note  the  exact  temperature  at  which  the  next  coagula- 
OD  imyosinogeD)  occurs.  There  will  probably  be  a  preliminary  opalescence 
I  each  case  before  the  real  coagulation  occurs.  Therefore  do  not  mistake  the 
Ml  coagulation -point  and  filter  at  the  wrong  time.  What  are  the  coagulation 
tmperatures  of  these  two  proteins?  Which  protein  was  present  in  greater 
mount? 

(e)  Formation  of  the  Myosin  Clot.— Dilute  a  portion  of  the  plasma  with  3 
r  4  times  its  volume  of  water  and  place  it  on  a  water-bath  or  in  an  incubator 
t  ^*C  for  seven]  hours.  A  typical  myo»n  clot  should  form.  Note  the  muscle 
emm  siuroondlng  the  clot  Now  test  the  reaction.  Has  the  reaction  changed, 
nd  if  so  to  what  is  the  change  due?  Make  a  test  for  lactic  acid.  What  do  you 
OBdnde? 

).  Preparation  of  Muscle  Plasma  (v.  Fiirth).— Remove  the  blood-frcc  muscles 
It  a  rabbit  as  explained  above.  Finely  divide  by  means  of  a  meat  chopper  and 
Crind  in  a  mortar  with  a  litUe  clean  sand  ^ind  ftome  o.g  per  cent  sodium  chloride. 
(Viap  portions  of  the  musde  in  muslin  and  press  thoroughly  by  means  of  a  tincture 
9ms  or  lemon  squeezer.  Filter  and  make  the  tests  according  to  the  dtrectionii 
^^■en  in  the  last  experiment. 

3.  "Fucbsio-frog"  Experiment.— Inject  a  saturated  aqueous  solution  of  Fuch- 
*fai  "S"  into  the  lymph  spaces  of  a  frog  two  or  three  times  daily  for  one  or  two 
^Pi  tn  this  way  tbocoo^lly  saturating  the  tissues  with  the  dye.  Pith  the  animal 
[oMrta  heBV7  wire  or  blunt  needle  through  the  ocdpito  atlantoid  membTan«\, 
■enure  die  skin  fromi  both  Jlu'nd  legs  and  expose  (he  sciatic  nene  m  Qn«  (>V  ^vm.. 
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was  formerly  called  a  "non-sapomfiablC  fat"  but  since  it  is  not  cliaii|!«I 
in  any  way  by  boiling  alkalis  it  is  not  a  fat.  It  h  soluble  in  rthet, 
chloroform,  benzene,  and  hot  alcohol.  It  crystallizes  in  the  form  cf 
thin,  colorlirss,  transparent  plates  (Fig.  57,  page  210).  Cholesterol 
is  present  in  bile,  occurs  abundantly  in  one  form  of  biliary  calculu* 
It  is  also  present  in  blood  and  lis  quantitative  determination  U  of 
clinical  importance  (sec  Chapter  XVI).  It  has  been  found  in  leas, 
wool  fat,  egg  yolk,  and  milk,  frequently  in  the  form  of  its  esters  of 
higher  fatty  acids.  It  is  generally  believed  that  the  cholesterol  preeat 
in  the  animal  body  has  its  origin  in  the  vegetable  kingdom.  Some 
evidence  has  been  submitted'  indicating  a  synthesis  of  cholesterol 
under  certain  cunditions  in  the  animal  body.  However,  it  is  probable 
that  cholesterol  is  not  rtadily  synthesized  in  the  body,*  ■ 

Paranuclcoprotagon  is  a  phosphorizcd  substance  originally  Iwlatea 
from  brain  tissue  by  Ulpiani  and  Lelli  and  recently  reinvestigated  tg^ 
Steel  and  Oics.    It  is  said  to  possess  Iccithoprotcin  characteristics.    ^ 

Nervous  tissue  yields  about  i  per  cent  of  ash  which  is  made  up  in. 
great  part  of  alkaline  phosphates  and  chlorides. 


EXPERIMEXTS   ON  THE  LIPOIDS   OF  NERVOtJS   TlSSUE* 
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I.  Preparation  of  Lecithin.*— Treat  the  finely  divided  brmin  of  a  she«p  vitb 
ether  and  allow  It  to  sUnd  in  the  cold  for  48  7a  hcnirs.  The  cold  ether  wiBci* 
tract  lecithin  and  cholesterol.  Filter  and  add  acetone  to  the  filtrate  to  pre^ 
cipitate  the  lecithin.    Filter  off  of  the  lecithin  and  lest  it  as  follows: 

(a)  Microscopical  Ezamiiiation.---Suspend  a  small  portion  in  a  drop 
water  on  a  slide  and  examine  under  the  microscope. 

(bl  O&mlc  Acid  Test.'— Treat  a  small  portion  with  osmic  add. 
happens? 

(c)  Acrolein  Test. — Make  the  acrolein  test  according  to  direetionB  oo  ] 
iSo. 

(d)  Test  for  Phosphorus. — See  page  I30,  Chapter  VI. 
1.  Preparation  of  CholestetoL  -Place  a  small  amount  of  finely  divid 

tissue  under  ether  and  stir  occasionally  for  one  hour.  Filler,  evapont«  the 
filtrate  to  dryness  on  a  water-bath,  and  lest  the  cholesterol  according  to  dif«- 
tions  given  below.     (If  it  is  desired,  the  ether  extract  from  the  so-called  preUtoii< 

'  KJdn:  fiiaihem.  Ztit.,  to,  ^65,  1910. 

'Gardner  and  Lander:  Ptoc.  Royai  Soc,  tendon  (B),  Sj,  330,  lot.l. 

^Prtparalian  of  Se-caUtd  ProlagaH. — Divlje  tlie  brain  o(  a  sheep  int«  »n]jJ)  pots 
tmi  with  85  per  cent  slcohol  and  warn  on  a  water-bath  4;''C.  for  twohoun,  Fihci^ 
into  a  bottle  ot  tlronK  flask  and  cool  to  o*C.  for  one-half  hour  by  incaas  of  a  (ntiiat^' 
ture.  By  this  procedure  butli  protaicon  and  choleslerot  ure  caused  to  pr«cipiUt«.  nK" 
the  cold  toluiion  npidty  ;m<l  tir^at  the  precipitate  on  the  paper  with  ice  cold  ethslt^ 
solve  out  the  cbulc^icn^l.  The  nrotag^n  may  now  be  redistolvvd  tn  waitn  Sj  pR  ^ 
alcohol  from  which  solution  it  will  jiri-cipitale  upon  cooling. 

*  For  the  pccpniatioQ  of  lecithin  id  purer  form  Me  Klacl^n:  /mit.  Polk,  BaeL,  ti,Mfi<_ 

>Vt4- 

^Ovnic  acid  serves  to  delect  fats  which  cootaln  Hntaturattd  falty  add  radicallii 
^tU  add,  in  their  molecule. 
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m  the  ether-acetone  (lltiale  from  the  lecithin  may  be  used  for  the  isolation  of 
cholesterol.  In  these  cases  it  is  simply  necessary  to  evaporste  the  solution  to 
drraess  on  ■  waler-balh. )     Upon  the  cholesterol  prepared  by  either  of  the  abore 

P methods  make  the  following  tests : 
(o)  Microscopical  Examination.— Examine  the  crystals  under  the  microscope 
ud  compare  them  with  those  in  Pig.  57,  page  no. 
[i'l  H,SO<  Test  I'Salkowskil.  -Dissolve  a  few  crystals  of  cholesterol  In  a 
litlie  chloroform  and  add  an  equal  volume  of  concentrated  sulphuric  acid. 
I       A  pl»r  of  colors  from  bluish-red  to  cherry-red  and  purple  is  noted  in  the  chloro- 
B  bom,  while  the  acid  assumes  a  marked  green  fluorescence. 
^^      f()  Acetic  Anhydride-  UtSO,  Test  (Liebermann-Burchard).— Dissolve  a  few 
ojftals  of  cholesterol  in  1  c.c.  of  chloroform  in  a  dry  test-tube.    Now  add  10 
drops  of  acetic  anhydride  and  1-3  drops  of  concentrated  sulphuric  acid.     Th« 
(olution  becomes  red,  then  blue,  and  Unatly  bluiKh-gieen  in  color. 

(fi  lodint-sutpkuric  Acid  rw*.— Place  a  few  crystals  of  choteaicrol  in  one  of 
thtdeprcsHonsof  a  test-tablet  and  treat  with  a  drop  of  concent  rated  sulphuric  acid 
tndidropof  a  very  dDutc  solution  of  iodine,  A  play  of  colors,  consisting  of  violet. 
Hue,  pccn,  and  red,  results. 

[()  Sckiffs  ReictioH.—To  a  little  cholesterol  in  an  evaporating  dish  add  a  few 
dn^oi  i.  reagent  ma<!c  by  adding  1  volume  of  10  per  cent  ferric  chloride  to  j  vol- 
ume! of  concentrated  sulphuric  acid.  Evaporate  to  dryness  over  a  low  flame  and 
objcn-i;  the  rcddish-violei  residue  which  changes  to  a  bluish -vjolcl. 

[/)  Phosphorus. — Test  for  phosphorus  according  to  directions  given  in  Chapter 
111,  page  iiq.     Is  phosphorus  prcseul? 

3-  Preparation  of  Cerebrin.— Treat  too  grams  of  finely  divided  brain  tissue, 
is  a  flask,  with  300  cc.  of  95  per  cent  alcohol  and  boil  on  a  water-bath  for  one- 
lulf  hour,  keeping  the  volume  constant  by  adding  fresh  alcohol  as  needed  or  by 
the  uxc  of  a  reflux  condenser.  Filter  the  solution  hot  and  stand  the  cloudy 
filir»ta  away  for  14  hours.  (If  the  filtrate  is  not  cloudy  concentrate  it  upon  the 
"ilei-bath  imtil  it  is  so.)  Filter  off  the  cerebrin  (cerebrin,  lecithin,  kephalio, 
chDleiteroll  and  test  it  as  follows : 

(a!i  Microscopical  Examination. — Suspend  a  small  portion  in  a  drop  of  water 
Ci'tUdeand  examine  under  the  microscope. 

Ib|  Solubility. — Try  the  solubility  of  cerebrin  in  water,  10  per  cent  sodium 
cUorJdc  and  in  dilute  acid  and  alkaU,  and  in  hot  and  cold  alcohol  and  hot  and 
told  ether. 

(c)  Phosphorus.— Test  for  phosphorus  according  to  directions  in  Chapter 
^  ptge  iiQ.     How  does  the  result  compare  with  that  on  lecithin? 

id)  Place  a  little  cerebrin  on  platinum  foil  and  warm.     Note  the  odor. 

(•)  Hydrolysis  of  Cerebrin. — Place  the  remaining  cerebrin  in  a  small  evaporat- 
*"(  Ash,  add  equal  volumes  of  water  and  dilute  hydrochloric  acid,  and  boil  for 
'^  hour.  Cool,  neutralize  with  solid  potassium  hydroxide,  filter,  and  test 
*'ll)  Fehling's  solution.  Is  there  any  reduction,  and  if  so  how  do  you  cxpUun 
it? 

A-  Tnts  for  Cholioe.  {a)  Svsmkeim'i  Prriodtde  Tesl.—PKp&n  an  alcoholic 
*^tM  of  the  fluid  under  examination,  and  after  evaporation  apply  Rosenheim's 
™>-|»tas6ium  iodide  solution'  to  a  little  of  the  residue.     In  n  thotl  time  dark 


r»W(t 


'Prepared  by  diuolving  1  grams  of  iudinc  and  6  granu  of  paUnuuTnVoAi&t\&\«b  (..«.. 
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brown  plates  and  prismB  of  ehtdme  periodide  begin  to  form  and  may  be  detected  \ij 
means  of  the  microscope.  Occasoaally  they  are  large  enou^  to  be  visible  to  the 
naked  eye.  They  somewhat  resemble  crystals  of  hemin  (see  page  365).  If  tk 
slide  be  pennitted  to  stand,  thus  idlowing  the  fluid  to  evaporate,  the  ciystali  wiD 
disappear  and  leave  brown  oily  drops.  They  will  reappear,  however,  upon  the 
addition  of  fresh  iodine  solution,  v.  StanSlc  claims  that  this  choline  coiDpaimd 
has  the  formula  CiHuNOI.!*. 

{b)  Rosenheim's  Bismuth  Test. — Extract  the  fluid  under  examinatioc  witk 
absolute  alcohol,  evaporate,  and  reeitract  the  residue.  Repeat  the  eitractia 
several  times,  Dissolve  the  final  residue  in  2-3  c.c.  of  water  and  add  a  dnqi  of 
Kraut's  reagent.'  Choline  is  indicated  by  the  appearance  of  a  bright  brick-ml 
precipitate. 

1  Dissolve  173  grams  of  potassium  iodide  in  water  and  add  So  gmns  of  bismutli  nb- 
oitTBte  dissolved  in  loo  grama  of  nitric  add  (sp.  gi.  i.tS).  Permit  the  potassium  aitntatg 
crystallize  out,  then  filter  it  oS  and  make  the  mtrate  up  to  i  liter  witn  water. 


RfflE:    GENERAL    CHARACTERISTICS    OF    NORMAL    AND 
PATHOLOGICAL  URINE 

Volume. — ^The  volume  of  urine  excreted  by  normal  individuals 
luiog  any  definite  period  fluctuates  within  ver>'  wide  limits.  The 
wrage  output  for  twenty-four  hours  is  placed  by  German  writers 
etveen  1500  and  2000  c.c  This  value  is  not  strictly  applicable  tocon- 
itions  in  America,  however,  since  it  has  been  found  that  the  average 
ormal  excretion  of  the  adult  male  American  falls  within  the  lower 
ilues  of  1000-1200  c.c.  The  volumc-cxcrction  is  influenced  greatly 
>■  the  diet,  particularly  by  the  ingestion  of  fluids. 
I  Certain  pathological  conditions  cause  the  output  of  urine  for  any 
efinite  period  to  depart  very  decidedly  from  the  normal  output. 
iBumg  the  pathological  conditions  in  which  the  volume  of  urine  is  tn- 
ttsed  above  normal  are  the  following:  Diabetes  mellitus,  diabetes 
isipidus,  certain  diseases  of  the  nervous  system,  contracted  kidney, 
nyloid  degeneration  of  the  kidney,  and  in  convalescence  from  acute 
"eases  in  general.  Many  drugs  such  as  calomel,  digitalis,  acetates, 
id  salicylates  also  increase  the  volume  of  the  urine  excreted.  A 
toatse  from  the  normal  is  observed  in  the  following  patholo^cal 
editions:  Acute  nephritis,  diseases  of  the  heart  and  lungs,  fevers, 
larrhcra,  and  vomiting. 
I  0^. — Normal  urine  ordinarily  possesses  a  yellow  tint,  the  depth 

the  color  being  dependent  in  part  upon  the  density  of  the  fluid.  The 
"Or  of  normal  urine  is  due  principally  to  a  pigment  called  urochrome^ 
iK^s  of  hematoporphyrin,  urobilin,  and  uroerytkrin  have  also  been 
Netted.  Under  pathological  conditions  the  urine  is  subject  to  pro- 
^'loccd  variations  in  color  ;iiid  may  contain  many  varieties  of  pig- 
'^ti.  Under  such  circum.stantes  the  urine  may  vary  in  color  from  an 
'tremcly  light  yellow  to  a  very  dark  brown  or  black.  Vogel  has  con- 
^cted  a  color  chart  which  is  of  some  value  for  purposes  of  comparison, 
denature  and  origin  of  the  chief  variations  in  the  urinary  color  are  set 
'ftb  in  tabular  form  by  Halliburton  as  follows: 

Urachrome  li  belier«d  [□  be  idFOtkal  with  th«  yellow  piEmeat  (kctoctiroiDe)  of  milk 
I  (f almei  uid  Coolidgc:  Jom.  Biol.  Chen.,  17,  351,  1914). 
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meats  tnd  filter  while  liot  Concentrate  the  filtrate  to  *  null  vidume  and  jt 
am;  in  a  cool  place  for  cryfltallization  (Fig.  in,  page  344).  To  obtain luBib 
in  CTTBtalline  form  ^Mcial  precautions  are  generally  necesaaij.  Eraponts  At 
Bohitioa  to  dryness  and  test  according  to  directions  given  in  Chapter  TI  h 
Nocleic  Add*. 


CHAPTER  XX 
NERVOUS  TISSUE 


In  common  with  the  other  soH<i  tissues  of  the  body,  nervous  tissue 
mUins  a  large  amount  of  water.  The  percentage  of  water  present 
cpends  upoa  the  particular  form  of  nervous  tUsue  but  in  all  forms  it  is 
ivuiably  greater  in  the  gray  matter  than  in  the  white.  Embryonic 
ervous  tissues  also  contain  a  larger  percentage  of  water  than  the  tissues 
i  adult  life.  The  gray  matter  of  the  brain  of  the  fcctus,  for  instance, 
mtaios  about  91  per  cent  of  water,  whereas  the  gray  matter  of  the 
rain  of  the  adult  contains  but  83-84  per  cent  of  the  fluid. 

Among  the  solid  constituents  of  ner\'0us  tissue  are  proteins,  choies- 
ni,  cerebrosides  (cercbrin,  etc.),  lecithin.  ktphalin,protagon  {^/),  para- 
ucluprotagott ,  nuflfin ,  neurokeratin,  collagen,  exlraclives,  and  inorganic 
Hk.  The  proteins  arc  present  in  the  greatest  amount  and  comprise 
bout  50  per  cent  of  the  total  solids.  Three  distinct  proteins,  two 
ItAulins,  and  a  nuclcoprotein,  have  been  isolated  from  the  nervous 
ssue.  The  globulins  coagulate  at  47''C.  and  70-75''C.,  respectively, 
hile  the  nucleoprotcin  coagulates  at  sfHSo^C.  This  nuclcoprotein 
mtains  about  0.5  per  cent  of  pliosphorus  (Halliburton,  Levcne.) 
errous  tissue  is  composed  of  a  relatively  large  quantity  of  a  variety 
'  compounds  which  collectively  may  be  grouped  under  the  term 
lipoid "— substances  resembling  the  fats  in  some  of  their  physical 
wpcrties  and  reactions  but  distinct  in  their  composition.  We  will 
aa  cholesterol,  the  cerebrosides  and  the  phosphorized  fats  as  lipoids. 

The  consideration  of  lipoids  (or  lipins^)  is  assuming  added  impor- 

ince.    These  substances  constitute  one  of  the  two  great  groups  of 

isut  colloids,  the  proteins  being  the  remaining  group.     So  far  as  struc- 

ire  and  chemical  properties  are  concerned  the  various  classes  of  lipoids 

re  entirely  unlike. 

■  The  group  of  phosphorized  fats  are  very  important  constituents  of 

pVQus  tissue.     The  best  known  members  of  this  group  arc  lecithin 

foUi^on  {?)  and  kephatin.    Lecithin  occurs  in  larger  amount  than 

'le  other  members  of  the  group,  has  been  more  thoroughly  studied 

Ittn  the  others  and  is  apparently  of  greater  importance.     Upon  de- 

sitton  lecithin  yields  /ally  adds,  glycero- phosphoric  acid,  and 

loora  aad  Ciet:  Bitckcmkal  BulUlin,  1,  ji,  1911.    The  UTinU^\dvwkTOW>- 
Kin  (SludJcii  fiber  dit  S'arlotc,  Jem,  iQot,  GuMav  ViaOiM"). 
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choline.    Each  lecithin  molecule   contains   two  fatty   add  tadiols 
which  may  be  those  of  the  same  or  different  fatty  acids.    Thus  we  ban 
different  lecithins  depending  upon  the  particular  fatty  acids  radicak  \ 
which  are  present  in  the  niolecule.    The  formula  of  a  typical  ledthh  ' 
would  be  the  following. 

CHs— OOCCnHu 

CH  — OOC.CwHjj 

CHsO— PO— O.CjH* 

\ 
(CH.),aN 

OH  HO 

This  lecithin  would  be  called  distearyl-lecithin  or  ckoline-4isteafyl' 
glycero-phosphoric  acid.  Upon  decomposition  the  molecule  splits  ac- 
cording to  the  following  reaction: 

C44H,oNPO»  +  3H,0  -»  2Ci,H„0,  +  C,H,PO,  +  C,H„NO,. 

Lectthin.  Stouicrndd.        Glyccro-plioaiihtiric  add.  ChDliae. 

The  lecithins  are  not  confined  to  the  nervous  tissues  but  are  found  ia 
nearly  all  animal  and  vegetable  tissues.  Lecithin  is  a  primary  con- 
stituent of  the  cell.  It  is  soluble  in  chloroform,  ether,  alcohol,  benzeIl^ 
and  carbon  disulphide.  The  chloroform  or  alcohol-ether  solution 
may  be  precipitated  by  acetone.  Lecithin  may  be  caused  to  crystal- 
lize in  the  form  of  small  plates  by  cooling  the  alcoholic  solution  to  i 
low  temperature.  It  has  the  power  of  combining  with  acids  and  ba«Si 
and  the  hydrochloric  acid  combination  has  the  power  of  forming  t 
double  salt  with  platioic  chloride. 

Choline,  as  was  indicated  above,  is  one  of  the  decomposition 
products  of  lecithin.  It  is  trimetkyl-hydroxyelhyl-ammonium  hydfooit 
and  has  the  following  formula: 

CH,.CHi{OH) 

N  =  (CH»)s 

OH 

Researches  have  shown  that  great  importance  is  to  be  attached  to  the 
detection  of  choline  in  the  cerebro-sptnal  fluid  and  the  blood  in  certsin 
cases  of  degenerative  disease  of  the  nervous  system.  In  this  connec- 
tion tests  for  choline  (see  page  357}  are  of  interest  and  value. 

Protagon,  another  nitrogenous  phosphorized  substance,  is  a  body 
over  which  there  has  been  muc\i  iJiscusaion.    U^oa  decomposition  it 
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is  said  by  some  investigators  to  yield  cerebrin  and  the  decompositioa 
products  of  lecithin.  It  has  been  shown  by  Posncr  and  Gies'  as  well 
as  by  Rosenheim  and  Tebb*  that  protagon  is  a  mixture  and  has  no 
oBtence  as  a  chemical  individual.  Koch*  reported  data,  obtained 
from  puritied  preparations  which  indicate  that  protagon  contains  at 
leut  three  substances:  "a  phosphatide  containing  cholin,  a  cerebro- 
iiie  containing  sugar,  a  complex  combination  of  a  cholin-frec  phos- 
phatide with  a  cercbroside  to  which  an  ethereal  sulphuric  acid  group 
is  attached."  On  the  basis  of  his  data,  he  believed  the  term  pro- 
tagoD  to  have  no  chemical  significance.  He  proposed  the  term  sul- 
phatide.    Koch's  preparation  analyzed  as  follows  (per  cent) : 


Cliolinc              Sugar           Nitrogen 

Phosphorus 

Sulphur 

I.O                            I2.0                            2,3 

»7 

1.9 

suggested  the  following  structure: 

O 

Phosphatide — O — S — O — Cerebroside 

grouping  II  grouping 

O 

Kcphalin  is  the  third  member  of  the  group  of  phosphorized  fats, 
tis  precipitated  from  its  acctone-cthcr  extract  by  alcohol.  It  contains 
•bout  4  per  cent  of  phosphorus  and  has  been  given  the  formula  C4jHjb- 
M^ii-     Kephalin  may  be  a  stage  in  lecithin  metabolism. 

The  cerebrosides  are  substances  containing  nitrogen  but  no  phos- 
phorus, and  are  important  constituents  of  the  white  matter  of  nervous 
tissue.  Certain  ones  have  also  been  found  in  the  spleen,  pus,  and  in  egg 
yolk.  They  may  be  extracted  from  the  tissue  by  boiling  alcohol  and  ai« 
Uiioluble  in  cold  alcohol,  cold  and  hot  ether,  and  in  water  and  dilute 
slkalb.  The  cercbroside  termed  cerebrin  is  a  mixture  containing  phrc- 
twsin  (pseudO'Cerebrin  or  cerebron),  a  body  yielding  the  carbohydrate 
galactose  on  decomposition. 

Cholesterol,  one  of  the  primary  cell  constituents,  is  present  in  fairly 
Urge  amount  in  nervous  tissue.  It  occurs  in  two  forms,  t.«.,  free  and 
Combined  as  an  ester.  It  is  claimed*  that  99  per  cent  of  the  choles- 
ttioJ  of  brain  tissue  (boy)  is  in  the  free  state.  It  is  a  mon-atomic 
Akobol  containing  at  least  one  double  bond  and  possesses  the  formula 
CijHijOII  or  CiTH4tOH.  There  is  still  some  uncertainty  as  to  the 
CMct  structure  of  cholesterol.    It  may  possess  a  terpene  structure.    It 

'Potaa  aod  Gles:  Jottntal  ef  BMopt^  Chemiitty,  i,  JQ,  tooj-oC. 
'Kownhtiia  md  Tebb:  Journal  of  Phythlegy.  jGaod  J7.  I90r-S. 
'Koch:  Jot/nut  BM«n"^  Chtm'uly,  11.  Maich,  1911,  Pio<;ccd.\x\c&. 
'L^vonli:  J^KT.  Pati.  Bats.,  igtt,  p  J56. 
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mining  the  speciiic  gra\'ity  is  by  means  of  a  urinomcier  (Fig.  1 16). 

affords  a  very  rapd  method  and  at  the  same  time  b  sufficiently  acco 

for  clinical  purposes.    Thtr  urinometcr  is  always  calibralctl  for  uw  alii 

specific  temperature  and  the  observations  made  at  any  oilier  tnt 

pcraturc  must  be  subjected  to  a  certain  correction  to  obtain  the  trae 

specific  gravity.     In  making  this  correction  one  unit  of  the  last  orinM 

added  to  the  obser\'cd  specific  gravity  for  every  three  dcsrc^s  aim] 

the  normal  temperature  and  subtracted  for  every  lline 

degrees  btlov!  the  normal  temperature.     For  imtana,] 

if  in  using  a  urinometer  calibrated  (or  i5*C.  the^pedlEJ 

gravity  of  a  urine  ha\Tng  a  temperature  of  ii°C.  bI 

determined  as  1.018  it  is  necessary  to  add  to  iht] 

observed  specific  graxnty  two  units  of  the  third  ord 

to  obtain  the  real  specific  gravity  of  the  urioe.    Tht«- 1 

(ore  the   true  specific  gravity,  at   is'C,  of  a  urintl 

having  a  specific  gravity  of  i.oiS  at  3i°C.  b  i  oiHJ 

0.002  =  1.020. 

Pathologically,  the  specific  gravity  may  be 

jcctcd   to  very  wide  variations.     This   is  esp 

true  in  diseases  of  the  kidneys.    In  acute  ne 

ordinarily  the  urine  is  concentrated  and  of  a 

specific  gravity,  whereas  in  chronic  nephritis  tbtl 

verse  conditions  are  more  apt  to  prevail.    In  ftc^j 

under  most  conditions,  whether  phj-siolopcal  or  palk-j 

logical,  the  specific  gravity  of  the  urine  is  invers(||j 

proportional  to  the  volume  excreted.    This  is 

true  of  diabetes  mellitus,  however,  where  the 

of  urine  is  large  and  the  speciiic  gra\'ity  is  also  I 

owing  to  the  sugar  contained  in  the  urine. 

Flo.  i[('.— Uws-        The  amount  of  solids  eliminated  in  the  cxcreli*] 

oMrrtR  AM>  Cvus-  ^^j  twenty-four  hours  maybe  roughly  calculaW^^ 

means  of  Long's  coefficient,  i.e.,  2.6.     The  solid  a*-, 

tent  of  1000  c.c.  of  urine  is  obtained  by  multiplying  the  last  tM 

fiffures  of  the  specific  gravity  observed  at  as^C.  by  2.6.     To  dc! 'n  '■ 

the  amount  of  solids  excreted  in  twenty-four  hours  if  the  volume  «*> 

1 1 30  c.c.  and  the  specific  gravity  was  t.oiS  the  calculation  would  ix 

follows: 

(d)  [8X1.6  =  46.8  grams  of  solid  matter  in  1000  c.c  of  urioe. 

,..46.8X1120  .  .j^ 

(A) =52-4  grams  of  solid  matter  in  iiao  c.c.  oionp 

The  coefficient  of  Hiser  (a. 33)  which  has  been  in  use  for  year*  I*^ 
ably  gives  \-alues  that  are  maccuialc  ^oi  coT\d\\\oTv=.  t:»sUtig  in  Anwrifl 


ficicnt  was  calculated  on  the  basis  of  the  specific  gravity  deter- 
la  temperature  of  i5°C. 

jng-point  (Cryoscopy).— The  freezing-point  of  a  solution  de- 
ton  the  total  number  of  molecules  of  solid  matter  dissolved  in 
determination  of  the  osmotic  pressure  |^ 

lethod  has  come  to  be  of  &ome  clinical  g 

ICC,  particularly  as  an  aid  in  the  dtag- 
Udney  disorders.  In  this  connection 
,  to  collect  the  urine  from  each  ktdney 
ly  and  determine  the  freezing-point  in 
vidual  samples  so  collected.  By  thLs 
)nsiderablc  aid  in  the  diagnosis  of  renal 
may  be  secured.  The  fluids  most  fre- 
examioed  cryoscopicully  are  the  blood 
le  345}  and  the  urine.  The  freezing- 
denoted  by  A.  The  value  of  A  for 
urine  varies  ordinarily  between  —1.3" 
,3''C,,  the  freezing-point  of  pure  water 
ke  as  0°.  A  is  subject  to  very  wide 
Ons  under  unusual  conditions.  For 
.  following  copious  water-  or  beer- 
.A  may  have  as  high  a  value  as 
.,  whereas  on  a  diet  contuining  much 
deficient  in  fluids  the  value  of  A  may 
ed  to  — 3°C.  or  even  lower.  The  freez- 
A  of  normal  blood  is  generally  about 
;.  and  is  not  subject  to  the  wide 
IS  noted  in  the  urine,  because  of  the 
r  of  the  organism  to  maintain  the 
)9motic  pressure  of  the  blood  under  all 
Oft.  Variations  between  —0.51"  and 
may  be  due  entirely  to  dietary  con- 
tmt  if  any  marked  variation  is  noted 
1  most  cases,  be  traced  to  a  disordered 
unction. 


Fig,  117. — Bm^kkank- 
Hkioemuix  Fkeuikc- 
roufT  .\ppAiiArus.     (Lout.) 

■D,  a  (WicBte  Ihrimom* 
elcr;  C,  the  cnntaialnit 
jat;  B,   the   outside  or  air 


manUe  tube;  A,  the  tube  in 
■  •    .    ■   .  ...  1  I       which    the   miituie   to   be 

Eing-pointactermmations  may  be  made  observed  U  pUeed,    Two 

IS  of  the  Beckmann-Heidcnhain  appa-   *^"<»  ,•'«  s*"?*"-  ""« '?' 

'^'^         the  cocUDg  muture  in  the 

Ig-  I'?)  or  the  Zikcl  pektoscope.     The    i*r  niKl  one  for  the  expcrl- 
on-Heidenhain   apparatus   consists  of    "'"'*'  ■""'""■ 
iwing  parts:    A  strong  battery  jar  or  beaker  (C)  furnished 
ictal  cover  which  is  provided  with  a  circular  hole  in  its  center. 
ODg  giass  vessel  serves  to  hold  the  ficezmgKi\x\>Me\>'s  ■nwasa 
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of  which  the  temperature  of  the  Huid  under  examination  is  iowered 
A  large  glass  tube  (B)  designed  as  an  air-jacket,  and  formed  after  tb* 
manner  of  a  test-tube  is  introduced  through  the  central  aperture  in  \ht 
metal  cover  and  into  this  air-jacket  is  lowered  a  smaller  tube  (A)  cod- 
taiiung  the  fluid  to  be  tested.  A  very  delicate  thermometer  (D),  grad- 
uated in  hundredths  of  a  defn'ec  is  introduced  into  the  inner  tube  uu] 
is  held  in  place  by  means  of  a  cork  so  that  the  mercury  bulb  is  im- 
mersed in  the  Huid  uii<ler  examination  but  does  not  come  into  contact 
with  any  glass  surface.  A  small  platinum  wire  stirrer  serves  to  ke^ 
the  fluid  under  examination  well  mixed  while  a  larger  stirrer  is  usedta 
manipulate  the  freezing  mixture.  (Rock  salt  and  ice  in  the  proportion 
1:3  form  a  very  satisfactory'  freezing  mixture.) 

In  making  a  determination  of  the  freezing-point  of  a  fluid  by  metsa 
of  the  Beckmann-Heidenhain  apparatus  proceed  as  follows;  Place 
the  freezing  mixture  in  the  battery  jar  and  add  water  (if  ncccssai)')  I* 
secure  a  temperature  not  lower  than  3*C.  Introduce  the  fluid  to  It 
tested  into  tube  A,  place  the  thermometer  and  platinum  wire  stirreriD 
position,  and  insert  the  tube  into  the  air-jadiet  which  has  prevtowl; 
been  inserted  through  the  metal  cover  of  the  battery  jar.  Manipulitt 
the  two  stirrers  in  order  to  insure  an  equalization  of  temperature 
and  obser\T  the  course  of  the  mercurj'  column  of  the  thermometer  wy 
carefully.  The  mercurj'  will  graduaUy  fall  and  this  gradual  lowerini 
of  the  temperature  will  be  followed  by  a  sudden  rise.  The  pant  M 
which  the  mercury  rests  after  this  sudden  rise  is  the  freezing-peat. 
Tlus  rise  is  due  to  the  fact  that  previous  to  freezing,  a  fluid  is  al' 
more  or  less  over-cooled  and  the  thermometer  temporarily  registers 
temperature  somewhat  belou'  the  fretzing-point.  As  the  fluid  fi 
however,  there  is  a  very  sudden  change  in  the  temperature  of  the  Hi 
and  this  change  is  imparted  to  the  thermometer  and  causes  the  riie  u 
indicated.  It  occasionally  occurs  that  the  fluid  under  examinalioa  >s 
very  much  over-cooled  and  does  not  freeze.  Under  such  circumstance 
a  small  piece  of  ice  is  introduced  into  it  by  means  of  the  side  tube  nott^ 
in  the  figure.  This  so-called  "inoculation"  causes  the  fluid  to  frteft 
instantaneously.  (For  details  of  the  method  of  determining  Ok 
freezing-point  consult  standard  works  on  physical  or  organic  chemistri- 
Electrical  Conductivity. — The  electrical  conductivity  of  the  uriw 
is  dependent  upon  the  number  of  inorganic  molecules  or  ions  prcjenL 
and  in  this  differs  from  the  freezing-point  which  is  dependent  upon  the 
total  number  of  molecules  both  inorganic  and  organic  which  are  in 
solution.  The  conductivity  of  the  urine  has  been  investigated  bvt 
slightly,  but  from  the  data  secured  it  seems  that  the  value  generallr 
talis  below  «=o.o3.    The  oonductivAt^  o\  ViwA  «i\mlto.  l\&fi  been 
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PbHwU  (  =  0.013.  Up  to  the  present  time  the  determination  of 
lelcctrical  conductivity  of  any  of  the  fluids  of  the  body  has  been 
,t  to  very  slight  clinical  use.  Experience  may  show  the  conductix-ity 
luc  to  be  a  more  important  aid  to  diagnosis  than  it  is  now  considered, 
rticularly  if  it  is  taken  in  connection  with  the  determination  of  the 
^ng-point.  By  a  combination  of  these  two  methods  the  portion 
iie  osmotic  pressure  due  respectively  to  electrolytes  and  non- 
lolytcs  may  be  determined.  For  a  discussion  of  electrical  con- 
ivity,  the  method  by  which  it  is  determined,  and  the  principles 
pived  consult  standard  works  on  physical  or  electro-chemistry. 
^C<dlection  and  Preservation  of  the  Urine  Sample.~rlf  any  dept-nd- 
4c  data  are  desired  regarding  the  guantilalive  composition  of  the  urine 
b  examination  of  the  mixed  excretion  for  twenty-four  hours  is  ab- 
|we/y  nrcessary.  In  collecting  the  urine  the  bladder  may  be  emptied 
;  a  given  hour,  say  8  A.  M.,  the  urine  discarded  and  all  the  urine  from 
lat  hour  up  to  and  including  that  passed  the  next  day  at  8  A.  M., 
ived,  thoroughly  mixed,  and  a  sample  taken  for  analysis.  Until 
juntly  it  was  believed  that  powdered  thymol  (isopropylmetacresol) 

I  CH, 

ft  a  very  satisfactorj*  preserx'ative  since  the  excess  might  be  removed 
^filtration,  if  desired,  and  it  was  believed  that  the  small  amount  which 
rent  into  solution  would  have  no  appreciable  influence  upon  the  deter- 
lination  of  any  of  the  urinaiy  constituents.  It  appears  however  that 
hymol  is  not  such  a  satisfactory  urinary  preservative  as  was  believed. 
!«dence  has  been  presenled  showing  it  to  be  unsatisfactory  for  the 
ttser\'ation  of  urines  which  contain  sugar,  acetone  or  diacetic  add 

II  m  which  it  desired  to  estimate  the  quantitative  content  of  these 
nistituents.  Claim  has  also  been  made  that  thymol  is  not  a  satis- 
EtOry  preservative  for  urines  that  arc  to  be  examined  quantitatively  for 
pphates  or  magnesium.  Thymol  being  a  phenol  will  cause  an  in> 
xuracj-  when  phenols  arc  being  determined  quantitatively.  Urines 
neserved  by  thj-mol  will  also  give  a  confusing  white  ring  when  sub- 
Cted  to  the  nitric  acid  test  for  albumin  (see  Chapter  XXIII). 

Toluene  is  a  very  satisfactory  preservative  for  urine.    In  using  this 
iaervative  simply  overlay  the  urine  with  the  toluene.     Roscnbloom' 
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claims  that  camphor  is  a  very  satisfactory  urine  preservative  which 
does  not  interfere  with  the  tests  for  important  urinary  constituents. 

In  certain  pathological  conditions  it  is  desirable  to  collect  the  urine 
passed  during  the  day  separately  from  that  passed  during  the  nigti. 
When  this  is  done  the  urine  voided  between  8  A.  M.  and  8  P.  M.  majr 
be  taken  as  the  day  sample  and  that  voided  between  8  P.  M.  and  8  A.  M. 
as  the  nigkt  sample. 

The  qualitative  testing  of  urine  samples  collected  at  random,  except 
in  a  few  specific  instances,  is  of  no  particular  value  so  far  as  giving  ai 
any  accurate  knowledge  as  to  the  exact  urinary  characteristics  of  tltt 
individual  is  concerned.  In  the  great  majority  of  cases  the  qualitative 
as  well  as  the  quantitative  tests  should  be  made  upon  the  miied 
excretion  for  a  twenty-iour-hour  period  as  well  as  upon  a  night  samfU 
as  labove  described. 


CHAPTER  XXIt 
EUNE:  PHYSIOLOGICAL  CONSTTTDENTS' 
I.  Oisanic  Physiological  Constituaits 


>huric  acids. 

d. 


lodoxyl-sulphuric  add. 
Phenol-  and  ^-cresol-sulphuric  acids. 
Fyrocatechol-sulpliuric  add. 
Skatoxyl-sulphuric  add. 


hur  compounds. 


yadds. 


Cystine. 

Chondroitin-sulphuric  acid. 
Thiocyanates. 
Taurine  derivatives. 
Oxyproteic  add, 
Alloxyproteic  add, 
Uroferric  add. 

Para-oxyphenyl-acetic  acid. 
Para-oxyphenyl-propionic  acid. 
Homogcntlsic  acid. 
Uroleucic  add. 
Oxymandelic  add. 
Kynurenic  acid. 


in. 

d. 


»ble  to  make  any  absolule  classification  of  the  physiological  and  pathological 
the  urine.  A  substance  may  be  present  in  the  urine  in  small  amount  physio- 
suSciently  increased  under  certain  coaditioDs  b9  to  be  termed  a  patholog- 
.  Therefore  it  depends,  in  some  instances  upon  the  quanlily  of  a  constituent 
r  it  may  be  correctly  termed  a  physiological  or  a  pathological  constituent. 
iDStituent  of  urine  ci'f  ;i<li:lts  but  found  in  larger  amount  in  urine  of  indWA 
ee  p.  S*0)- 
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Pepsin. 
Enzymes Gastric  rennin. 

Amylase. 

Acetic  add. 
Volatile  fatty  acids Butyric  add. 

Formic  add. 
Paralactic  add. 
Phenaceturic  acid. 
Urocanic  acid. 

Phosphorized  compounds 


Pigments 

Ptomaines  and  leucomaines. 


Glycerophosphoric  add. 
Phosphocamic  add. 
Urochrome. 
Urobilin. 
Uroerythrin. 


Adenine. 
Guanine. 
Xanthine. 
Epiguaoine. 

Purine  Bases Episarkine. 

Hypozanthine. 
Paraxanthiae. 
Heterozanthine. 
i-Methylxanthine. 

2.  Inorganic  Pbysiol(^;ical  Constitueiits 

Ammonia. 

Sulphates. 

Chlorides. 

Phosphates. 

Sodium  and  potassium. 

Caldum  and  magnesium. 

Carbonates. 

Iron. 

Fluorides. 

Xitrates. 

Silicates. 

Hydrogen  peroxide. 

Normal  urine  varies  widely  in  composition,  being  influenced  b 
and  other  factors.  The  following  table  represents  the  compoatio 
normal  urine.' 

'  Vierotdt:  Daten  und  TaheUen.     Jena,  \qq(j,  p.  ijo. 
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COMPOSITION  OF  A  NORMAL  URINE 
Volnnte  (04  hoiin)  1500  c.c. 


icid 


iiic  acid> 


Crf» 


.0) 


O) 


(MgO) 


CoMtitunt 

Abtolnt* 
weigbt. 

Approxinwta 
porcBntBia 

1440,00 

qG.o 

60.0- 

4-0 

3S.O 

a. 33 

0.7s 

0.0s 

d 

0,7 

O.OJ 

o.eis 

O.OOI 

yields 

0.06 

0.004 

I.O    ' 

0.07 

idd  (as 

KSCN) 

0.15 

O.OI 

0,01 

0,001 

0.65 

0.04 

ride  . . . 

16. s 

I.I 

i-S 


»s 


0-45 


2-5 


5.° 


o,»S 


0.30 


0.005 


o,is 


0.15 


0.03 


o.is 


0.3 


0.01s 


0.01 


0.0004 


u  to  "partition"  of  sulphur  and  nitrogen,  see  Chapter  XX\'II  on  Metabolism. 
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UREA,  C  =  0. 
NH, 


cnd-prodi 


>r 


metabolism  uf  protein 
substances.  It  was  form^'rly  believed  that  about  90  per  cent  of  tii* 
total  nitrogen  of  the  urine  was  present  as  urea.  Folin.  however,  ht 
shown  that  the  distribution  of  the  nitrogen  of  the  urine  araoasi 
urea  and  the  other  nitroRcn-containing  bodies  present  depends  entirely 
upon  the  absolute  amount  of  the  tulal  nitroj;cn  excreted.  He  foufid 
that  a  decrease  in  the  total  nitrogen  excretion  was  always  accom- 
panied by  a  decrease  in  the  [M;rccntagc  of  the  total  nitrogeo  excreted 
as  urea,  und  that  after  so  regulating  the  diet  of  a  normal  person  as  b 


FW.   ll8.-UjtEA. 

cause  the  excretion  of  total  nitrogen  to  be  reduced  to  j-4  grams  in  J4 
hours,  only  about  60  per  tent  0/  this  nilrogfn  uppeiired  in  the  uriHe  as  fft- 
His  cxperimenls  iilso  set-m  to  show  urea  to  be  the  only  one  of  the  nitr* 
gcnous  excretions  which  is  relatively  as  well  as  absolutely  decreaseda* 
result  of  decreasing  the  amount  of  protein  mctalmlizcd.  This  afi' 
investigator  reports  a  hospital  case  in  which  only  14.7  per  cent  of  the 
total  nitrogen  was  present  as  urea  and  about  40  per  cent  was  present u 
ammonia,  Mfirner  had  previously  reported  a  case  in  which  but  ;4 
per  cent  of  the  total  nitrogen  of  the  urine  was  present  as  urea,  and  ii-\ 
per  cent  was  present  as  ammonia. 

Urea  occurs  most  abundantly  in  the  urine  of  man  and  carnii'orj 
and  in  somewhat  smaller  amount  in  the  urine  of  herbivora;  the  urine 
of  fishes,  amphibuns,  and  ccrtaVn\>viA&aW  toTv\a\'ci^44mall  amount 


into^ 
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stance.  Urea  is  also  found  in  nearly  all  the  fluids  and  in  many 
issues  and  organs  of  mammals.  The  amount  excreted,  under 
conditions,  by  an  adult  man  in  34  hours  is  about  3*-35  grams. 
Tction  is  greatest  in  amount  after  a  diet  of  meat,  and  least  in 
after  a  diet  consi.sting  of  non-nitrogenous  foods ;  this  is  due  to  the 
it  the  urea  output  is  regulated  by  the  protein  ingestion.  It  is 
■a  that  a  non-nitrogenous  diet  has  a  tendency  to  decrease  the 
lism  of  the  tissue  proteins  and  thus  cause  the  output  of  urea  under 
tnditions  to  fall  below  the  output  of  urea  observed  during  star\-a< 
rhc  output  of  urea  is  also  increased  after  copious  water-  or  bccr- 
g.  The  increase  is  probably  due  primarily  to  the  washing  out  of 
ucs  of  the  urea  previously  formed,  but  which  had  not  been  re- 
in the  normal  processes,  and  secondarily  to  a  stimulation  of 
catabolism. 

a  may  be  formed  in  the  organisni  from  amino-acids  such  as  leu- 
jTcocoU,  and  asparlic  acid:  it  may  also  be  formed  from  ammonium 
lie  (XHJaCOj  or  ammonium  carbamate,  H.X.O.CO.XHj. 
re  are  differences  of  opinion  regarding  the  transfonnation  of  the 
ices  just  named  into  urea,  but  there  is  rather  conclusive  evidence 
least  a  part  of  the  urea  is  formed  in  the  liver;  it  may  be  formed  in 
rgans  or  tissues  as  well. 

a  crj'Stallizes  in  long,  colorless,  four-  or  six-sided,  anhydrous, 
c  prisms  (Fig.  118).  which  melt  at  ijs^C.  and  arc  soluble  in 
>r  alcohol  and  insoluble  in  ether  or  chloroform.  Ii  a  crystal  of 
heated  in  a  test-tube,  it  melts  and  decomposes  with  the  liberation 
lonia.    The  residue  contains  cyanuric  add, 

C.OH 

/\ 

N      N 

II     ! 

HO.C      C.OH 

\^ 
N 

NH, 

1 
C=0 

\ 
NH 

/ 
C=0 


NH, 


i 
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The  biuret  may  be  dissolved  In  water  and  a  reddtsh-vtolet  color  obtained 
by  treating  the  aqueous  solution  with  copper  sulphate  and  potassiun 
hydroxide  (see  Biuret  Test,  page  98).  Certain  hypochlorites  or  hypo- 
bromitcs  in  alkaline  solution  have  the  power  of  decomposing  urea  into 
nitrogen,  carbon  dioxide,  and  water.  Sodium  hypobromite  bringi 
about  this  decomposition,  as  follows: 

CO(NHO.+3NaOBr-.3NaBr+>J,+COi+aHiO. 

This  propertj'  forms  the  basis  for  a  clinical  quantitative  determinai 
of  urea  (sec  page  496). 

The  soy  bean  has  been  shown  to  contain  an  cnr)'ine  called  <wm» 
which  has  the  power  to  decompose  urea  with  the  liberation  of  anunoniL' 
This  fact  is  made  use  of  in  the  quantitative  determination  of  ora 
(sec  Chapter  XXVI). 


J 


Fio.  ti«.— Ubejl  NrruTE. 

Urea  has  the  power  of  forming  crystalline  compounds  with  cetttit 
adds;  urea  nitrate  and  urea  oxalate  are  the  most  important  of  tte 
compounds.  Urea  nitrate,  CO(NHj)».HNO,,  crytallizes  in  colorles, 
rhombic  or  six-sided  tiles  (Fig.  119,  above),  which  are  easily  soluble  in 
water.  Urea  oxalate,  [CO(NIIi)i)3.H,CjO«,  crystallizes  in  the  ions 
of  rhombic  or  six-sided  prisms  or  plates  (Fig.  121,  page  j;6):  tie 
oxalate  differs  from  the  nitrate  in  being  somewhat  less  soluble  in 
water.  The  formation  of  the  nitrate  and  oxalate  and  the  decomposition 
of  urea  by  the  enzyme  urease  are  the  most  satisfactory  methods fwlt^ 
detection  of  urea. 

A  decrease  in  the  excretion  of  urea  is  obser\'ed  in  many  discMsl 
which  the  diet  is  much  reduced  and  in  some  discnders  as  a  result  ol, 
'  Takeacbi:  /eur,  CoUti*  0/  Ait.,  Tokyo,  iqov<  P>rt  I. 
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in  metabolbm,  e.g.,  myxedema,  and  io  others  as  a  result 
n  excretion,  as  in  severe  and  advanced  kidney  disease.  A 
increase  is  found  in  a  large  proportion  of  diseases  which 
ed  with  a  toxic  state.  In  marked  acidosis  it  may  be  con- 
creased  relative  to  the  total  nitrogen  (see  Ammonia). 


Experiments  on  Urea 


^irom  the  TTrine. '— PUce  Sooccof  urine  in  a  precipitating  Jar, 

of  iMiTta  mixture,'  and  stir  thoroughly.     Filter  off  the  precipitate 

i,  Eulpbales,  urates,  and  hippurates  and 

I  filtrate  on  a  water-bath  to  a  thick  synip. 

intatos  chJorides,  creatuune,  oi^nic  salts, 

i  urea.    Extract  the  syrup  with  warm  95 

)bol  and  filter  again.     The  filtrate  con- 

a  contaminated  with  pigment.    Decolor- 

te  by  boiling  with  animal  charcoal,  filter 

and  the  filUate  away  in  a  cold  place  for 

L    Examine  the  crystals  under  the  nalcro- 

npare  them  with  those  shown  in  Fig.  118, 

\iVf. — ^Test  the  sohitrility  of  urea,  prepared 
r  furnished  by  the  instructor,  in  water  and 
d  ether. 

g-potat.— Determine  the  mctiing'-poiut  of 
-ca  furnished  by  the  instructor.  I'rocccKl 
Qto  an  ordinary  melting-point  tube,  scaled 
ntroduce  powdered  urea.  Fasten  the  tube 
f  a  thcrmotQctcr  as  shown  in  Fig,  lao,  and 
ulb  and  its  attached  tube  in  a  small  beaker 
ilphuric  acid.  Gently  raise  the  tempera- 
add  by  means  of  a  low  flame,  stirring  the 
ally,  and  note  the  temperature  at  which 
OS  to  melt. 

Dine  Form.— Dissolve  a  crystal  of  pure 
w  drops  of  95  per  cent  alcohol  and  place 
'  the  alcoholic  solution  on  a  microscopic 

the  alcohol  to  evaporate  spontaneously, 

cnystals  under  the  microscope,  and  compare  them  with  those  re- 
Pig.  itS,  page  373.  RecrystaUixe  a  little  urea  from  water  in  the 
ad  compare  the  crystals  with  those  obtained  from  the  alcoholic 


Frr..  1  JO, — Mkltikc* 
POINT  TtraEs  Fashcmko 
TO  Bulb  or  Tbxkhok- 

ETEK. 


tion  of  Biuret— Place  a  small  amount  of  uiea  in  a  dry  test-tube 
«fully  in  a  low  flame.  The  urea  melts  at  ijiX.  and  Ubeiales 
^tinue  heating  until  the  fused  mass  be^ns  to  solidify.     Cool  the 

lod  bsMd  upoii  the  precipilaliuQ  by  nitric  add  is  also  sitisfuctory  (lee 
iBaiMitckder Pliytiol.uiutPiUhol.Chcm.  Attal.,i,igii^edilian,  1900, p.  >45)- 
Ixturc  consists  of  1  niixlurc  of  1  volume  of  3.  »aturftl«d  sulution  of  B«(NO0\ 
e^^tunteil  «lulion  of  Bb(UH}i. 


376 


PHYSIOLOGICAL   CHEMISTRY 


tube,  dissolve  the  residue  in  dilute  poussium  hydroxide  sotutioo,  and  add<rt(T  K 
dilute  copper  sulphate  solution  ,'see  p«ge  qS).    The  purplish-Tiolel  color  Is  du 
to  the  piesence  of  biuret  which  has  been  fonned  from  the  una,  tbm^  Ibc  ft 
application  of  heat  as  indicated.    This  ii  the  resctioa :  I 


NH, 

Vrm.  C  =0 

vito.  C=0 

I 
NH, 


NH, 

C=0 

NH  +  NH» 

I 

NH, 


6.  Urea  Nitrate.— Prepare  a  concentrated  solution  of  urea  hj  dissohinf 
a  Ultle  of  the  substance  in  a  few  drops  of  water.  Place  a  drop  of  this  solution  coi 
microscopic  slide,  add  a  drop  of  coucentrsted  nitric  acid,  and  examine  uadn 
the  microscope.    Compare  the  crystals  with  those  reproduced  in  Fig.  1 19,  pace  jTf 


Fic.  iji.^UaE*  OxALAix. 


7.  Urea  Oxalate.— To  a  drop  of  a  concentrated  solutton  of  urea,  prefaiedtf 
described  in  the  last  experiment  (6),  add  a.  drop  of  a  saturated  solution  of  onBc 
add.  Examine  under  the  microscope  and  compare  the  crystals  with  tboM  shon 
la  Pig.  Ill,  above. 

8.  Decomposition  by  Sodiiun  Hypobromite. — Into  a  mixture  of  3  CvC  of  con- 
centrated  sodium  hydroxide  solution  and  1  c.c,  of  bromine  water  in  a  teJl-nil" 
introduce  a  crystal  of  urea  or  a  small  amount  of  concentrated  eoluliDn  cf  uiM. 
Through  the  influeDce  of  the  sodium  hypobromite,  NtOBr,  the  urea  is  deton- 
posed  and  carbon  dioxide  and  nitrogen  are  llbemted.  .The  carbon  dioxide » 
absorbed  by  the  excess  of  sodium  hydroxide,  while  the  nitrogen  is  evolved  ui 
Oiuses  the  marked  eHervesceace  ohecrved.    This  property  fomu  the  buttiM 


URIXE 
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eo«  of  the  methods  in  common  use  for  the  quantiutive  detennination  of  urea. 
Vrite  the  equation  sbowin^  the  decomposition  of  tirea  by  sodium  hypobromite. 

Q.  Furfural  Test.-  To  a  few  cty^uls  of  urm  in  a  small  porcelain  dish  add  I-2 
drops  of  a  concentrated  aqueous  solution  of  furfural  and  i-i  drops  of  oonceatrated 
hydrochloric  acid.  Nolc  the  ap|>canincc  of  x  yellow  color  which  gradually  changes 
into  a  purple.     Allantoin  also  responds  lo  ihis  Icst  (see  page  $91). 

It  i&  claimed  that  all  ammonium  compounds  and  all  compounds 
containing  the  amino  (—  NH*)  group  yield  nitrogen  wlien  treated  with 
hypobromite  as  in  thi»  tut- 


HN— CO 

I 
URIC  ACID,  OC     C— NH 


Nco. 


HN— C— HN 

Uric  acid  is  one  of  the  most  important  of  the  constituents  of  the 
urine-  It  is  generally  slated  thai  normally  ahout  0.7  gram  b  excreted 
in  24  hours,  but  that  this  amount  Li  subject  to  mdc  variation.^,  pardcu- 
latly  under  certain  dietary  and  pathological  conditions.  It  has  been 
shown,  however,  that  the  average  daily  excretion  of  uric  acid  for  ten 
men  ranging  in  age  from  iq  to  29  years  and  fed  a  normal  mixed  diet 
was  0.597  gram,  a  value  somewhat  lower  than  the  generally  accepted 
average  of  0.7  gram  for  such  a  period.  On  a  fmrine-frce  diet  the  uric 
acid  ouiput  may  be  0.1-0.5  gram  per  day,  whereas  a  hi^h  purine  diet  may 
)-ield  a  daily  output  of  2  grams.  Uric  acid  is  adiureide  and  consequently 
upon  oxidation  may  >'ield  two  molecules  of  urea.  It  act«  as  a  weak 
dibasic  acid  and  forms  two  classes  of  salts,  neutral  andadd.  The  neutral 
potassium  and  lithium  urates  are  the  most  easily  soluble  uf  the  alkali 
salts;  the  ammonium  urate  is  difficultly  soluble.  The  acid-alkali  urates 
are  miwe  insoluble  and  form  the  major  portion  of  the  sedimi-iil  which 
separates  upon  cooling  the  concentrated  urine;  the  alkaline  earth  urates 
are  very  insoluble.  Ordinarily  uric  acid  occurs  in  the  urine  in  the  form 
of  urates  and  upon  acidifying  the  Uquld  the  uric  acid  is  libcratc<l  and 

posits  in  crj'stallinc  form-    This  properly  forms  the  basis  of  one  of 
le  older  methods  for  the  quantitative  determination  of  uric  add 

einu  Method,  Chapter  XXVI). 

Uric  acid  is  vcrj*  closely  related  to  the  purine  bases  as  may  be  seen 
a  comparison  of  its  structural  formula  with  tho^e  of  the  purine 
given  on  page  137.    According  to  the  purine  nomenclature  it  is 

ignated  3-6-8- irioxy purine.     Uric  acid  forms  the  principal  end- 
Toduct  of  the  nitrogenous  metabolism  of  birds  and  scaly  amphibians; 

the  human  organism  it  occupies  the  fourth  po&iliou masiwit.\\ ■a.'!.\«:\M 
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uiea,  ammoaia,  and  creatiiUQe  are  th«  chief  end-products  of  nitrof«- 
nou.4  metaboUsm.  It  is  generally  said  that  the  relation  existing  bctvoes 
uric  acid  and  urea  in  human  urine  under  normal  conditions  varies  i» 
Che  average  from  i :  40  to  i :  100  and  is  subject  to  wider  variations  uiidr 
pathological  conditions;  and  further  that  because  of  the  high  content 0! 
uric  add  in  the  urine  of  newborn  infants  the  ratio  may  be  reduced  to 
1:10  or  even  lower.  We  now  know  that  this  ratio  of  uric  acid  to  um 
is  of  little  significance  under  any  conditions. 

In  man,  uric  acid  probably  results  principally  from  the  destructioii 
of  nuclein  material.  It  may  arise  from  nuciein  or  other  purine  material 
ingested  as  food  or  from  the  disintegrating  cellular  matter  of  the  organ- 
ism. The  uric  acid  resulting  front  the  first  process  is  said  to  be  of  o- 
ogetums  origin,  whereas  the  product  of  the  second  form  of  activity  it 
said  to  lie  of  endogenous  origin.  As  a  result  of  experimentation,  Sivin. 
and  Burian  and  Schur,  and  Rockwood  claim  that  the  amount  of  en(]og^ 
nous  uric  acid  formed  in  any  given  period  is  fairly  constant  foreatli 
individual  under  normal  conditions,  and  that  it  is  entirely  independent 
of  the  total  amount  of  nitrogen  eliminated.  Folin  has  taken  exception 
to  the  statements  of  these  Investigators  and  claims  that,  following  a 
pronounced  decrease  in  the  amount  of  protein  metabolized,  the  absolute 
quantity  of  uric  add  is  decreased  but  that  this  decrease  is  relatii'el]r 
smaller  than  the  decrease  in  the  total  nitrogen  excretion  and  that  the 
per  cent  of  the  uric  acid  nitrogen,  in  terms  of  the  total  nitrogen,  is  there- 
fore deddcdly  increased.  According  to  MarcS,'  food-stuHs  act  to  in- 
crease the  endogenous  uric  acid  output  by  stimulating  the  digeslirt 
glands  to  activity.  That  a  portion  of  the  endogenous  uric  addm^ 
arise  in  this  way  has  recently  been  shown  by  Mendel  and  Stchlc.' 

In  birds  the  formation  of  uric  acid  is  analogous  to  the  formatiM 
of  urea  in  man.  In  these  organisms  it  is  derived  principally  from  ^ 
protein  material  of  the  tissues  and  the  food  and  is  formed  through  a 
process  of  synthesis  which  occurs  for  the  most  part  in  the  livei;  1 
comparatively  small  fraction  of  the  total  uric  add  excretion  of  bird: 
may  result  from  nudein  material. 

When  pure,  uric  add  may  be  obtained  as  a  white,  odorles.^,  ano 
tasteless  powder,  which  is  composed  principally  of  small,  tran^arenl- 
crystalline,  rhombic  plates.  Uric  add  as  it  separates  from  tlie  uriiK 
is  invariably  pigmented,  and  crystallizes  in  a  large  variety  of  charadet- 
istic  forms,  e.g.,  dumb-bells,  wedges,  rhombic  prisms,  irregular  rect- 
angular or  hexagonal  plates,  whetstones,  prismatic  rosettes,  etc.  Dn^ 
acid  is  insoluble  in  alcohol  and  ether,  soluble  with  difficulty  in  boilinj 


'  MarFJ:  Aiek.  f.  d.  gtt.  PkyjM.,  iw,  S9.  1910- 
'Meaiel  and  Suhlc;  your.  BuA.  Chtm.,  it,  11$, 
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(t;i8oo)  and  practically  insulublc  in  cold  water  (1:39^80,  at 
.  It  is  soluble  in  alkalis,  alkali  carbonates,  boiling  glycerol, 
.trated  sulphuric  acid,  and  in  certain  organic  bases  such  as  cthyl- 
and  piperidine.  It  is  claimed  that  the  uric  acid  is  held  in  solu- 
the  urine  by  the  urea  and  disodium  hydrogen  phosphate  present. 
dd  possesses  the  power  of  reducing  cupric  hydroxide  in  alkaline 
n  and  may  thus  lead  to  an  erroneous  conclusion  in  testing  for 
en  the  urioe  by  means  of  Fehling's  or  Trommer's  test.  A  white 
itate  of  cuprous  urate  is  formed  if  only  a  small  amount  of  cupric 
dde  is  present,  but  if  enough  of  the  copper  salt  is  present  the 
tcristic  red  or  brownish-rcd  precipitate  of  cuprous  oxide  is  oh- 
.  Uric  add  does  not  possess  the  power  of  reducing  bismuth  in 
le  solution  and  therefore  docs  not  interfere  in  testing  for  sugar  in 
ine  by  means  of  Boettger's  or  Nylander's  tests, 
addition  to  being  an  important  urinary  constituent  uric  acid  Is 
By  present  in  the  brain,  heart,  liver,  lungs,  pancreas,  and  spleen; 
occurs  in  the  blood  of  birds  and  has  been  detected  in  traces  in 
I  blood  under  normal  conditions. 

thologically,  the  excretion  of  uric  add  is  subject  to  vide  varia- 
out  the  experimental  findings  are  rather  contradictory.  It  may  be 
with  certainty,  however,  that  in  leukemia,  because  of  the  destruc- 
!  nuclein  material,  the  uric  add  output  b  increased  absolutely  as 
i  relatively  to  the  urea  output;  under  these  conditions  the  ratio 
tn  the  uric  acid  and  urea  may  be  as  low  as  i :  9,  whereas  the  normal 
as  we  have  seen,  is  1:50 or  higher.  An  actual  output  of  13  grams 
'  add  per  day  has  been  reported  in  leukemia.  In  the  study  of  the 
ice  of  X-ray  on  metabolism  EdsatI  and  others  have  reached  some 
(ting  conclusions.  Kdsall  found  that  the  excretion  of  uric  add  is 
y  increased  and  that  in  some  conditions,  particularly  in  leukemia, 
f  be  grtaUy  increased.  The  excretion  of  total  nitrogen,  phos- 
>,  and  other  sustances  may  also  be  considerably  increased, 
gout  the  kidney  is  said  to  lose  the  power  of  properly  eliminating 
ad  and  it  collects  in  the  blood  in  abnormally  high  concentration. 

Normai  =  1-3  mg.  uric  acid  per  100  grams  of  blood. 
Gout  =  3-6  mg.  uric  acid  per  100  grams  of  blood. 

gout  the  uric  add  content  of  the  urine  is  generally  low  preceding 
ack  and  increases  during  the  attack.  Alophan  has  been  found 
rcasc  the  uric  add  output  in  gout,  apparently  due  to  increased 
K  activity. 

le  uric  add  content  of  the  urine  is  of  importance  in  relation  to  the 
tion  of  uric  acid  calculi.    The  admirustiation  oi  a\W;i[)a  caiW'ua.x^^ 
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aD<I  citrates,  or  the  feeding  of  basc-fonmng  foods,  by  decreasing  Ihc 
cidity  of  the  urine  increases  its  solvent  power  for  uric  add  and  it- 
"creases  the  liability  of  formation  of  this  type  of  calculus.^ 


Experiments  on  Ueic  Acn> 

].  IftolatioD  from  the  Urine. — Place  about  lOo  cc.  of  filtered  nhne  ini 
beaker,  fender  it  acid  with  2- 10  c.c  of  concentrated  hydrochloric  acid,  tttt 
thoroughly,  and  stand  the  vessel  in  a  cold  place  for  24  hours.  Ezamiae  Ihepit- 
mented  cryelals  of  uric  acid  under  the  micioscope  and  compare  them  wittiQiMi 
shown  in  Fig.  ij6,  page  461,  and  PI.  V,  opposite. 

3.  Solubility. — Try  the  solubility  of  pure  uric  add,  turnisfaed  by  th« : 
stnictor,  in  water,  dilute  acid  and  alkaU  aad  in  alcohol,  etbor  and  co 
sulphuric  acid. 

3.  Crystalline  Form  of  Pure  Uric  Acid.— Place  about  100  c.c.  of  witerini 
small  beaker,  render  it  disttnctly  alkaline  with  potassium  hydroxide  soltttion  ud 


Fig.  iJi— PimiL  Uaic  Aero. 

add  a  small  amount  of  pure  uric  acid,  stirring  continuously.  Cool  the  solutioii. 
render  it  distinctly  acid  with  hydrochloric  add  and  allow  it  to  stand  in  a  cool 
place  for  crystallization.  Examine  the  crystals  under  the  microscope  and  com- 
pare them  with  those  reproduced  in  Fig.  lai. 

4.  Bdureside  Test.  — To  a  small  amount  of  pure  uric  acid  in  a  small  evapcfatioi 
dish  add  2  3  drops  of  concentrated  nitric  add.  Evaporate  to  dryness  cutfuUf 
on  a  water-halhor  overa  very  low  flame.  A  red  or  yellow  residue  remains  «k)Cli 
turns  purplish  red  after  cooling  the  dish  and  adding  a  drop  of  very  dilute  ani- 
moiunm  hydroxide.  The  color  is  due  to  the  formation  of  murexide.  If  poias' 
aum  hydroxide  is  used  instead  of  ammoiuum  hydroxide  a  purplish  violet  ooloi 
due  to  the  production  of  the  potassium  salt  is  obtained.  The  color  disappean 
upon  warming  i  with  certain  related  bodies  (purine  bases)  the  color  persists  \iaia 
these  conditions. 

'iUitlbenvJclt:  Arck.tiit.Mtd.,iA,  1^09,11414. 
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I  this  reaction  the  uric  add  is  oxidized  to  dialuricacid  and  alloxan. 
two  substances  condense  to  form  alloxantin.  This  alloxantJn 
with  ammonium  hydroxide  to  form  purpuric  add.     The  purple 

is  due  to  the  formation  of  timmonium  purpurale  or  murexide. 

\.  Phosphotungstic  Add  Reaction  IFolinl.— ^To  20  c.c.  of  Eaturated  sodium 
bonaie  solution  Ln  a  small  beak«r  add  a  small  amount  of  uric  acid.  Stir 
I  soluIioD  until  the  uric  add  has  dissolved,  then  add  i  c.c.  of  Folio's  uric 
d  reagent  isee  Chapter  XXVI:.  A  blue  color  results. 
m.  Silver  Reduction  Test  (ScliiSt.— Dissolve  a  small  amountof  pureuricadd 
fcdium  carbonate  solution  and  transfer  a  drop  of  the  resultint;  mixture  10  a 
\f  of  filter  paper  saturated  with  silver  nitrate  solution.  A  yellowish -brown 
■ck  coloration  due  to  the  fomation  of  reduced  silver  is  produced. 

It  i^i  claimed  ihal  chlorides  interfere  with  this  test. 

^.  Ganflssiai'B  Test.'— Dissolve  a  small  amount  of  uric  acid  in  sodium  carbon- 
Precipitate  the  dissolved  uric  ucii]  by  means  of  zinc  chloride,  filter  o9  the 
ittalc.  and  permit  it  to  stand  in  contnct  inth  liie  air.    .^  sky-blue  color  n-Ql 
?,  a  color  change  which  may  be  hastened  by  sunlight.    A  similar  reaction 
Ijl*  oblaine*!  by  treating  Iht  original  pre d pit. 11  c  with  K-,S-0,. 

t  Influence  upon  Fehling*s  SolutioD. — Dilute  i  c.c.  of  Pehling's  solution 
4  cc  ol  water  and  beat  to  boiling.  Now  add  slowly,  a  few  drops  at  a 
i-j  c.c.  of  a  concentrated  M>lution  of  uric  acid  in  potassium  hydroxide^ 
•ling  after  each  addition.  From  this  experiment  what  do  you  conclude  re- 
i^at  the  possibility  of  arriving  at  an  erroneous  decision  when  testing  for 
(u  in  the  urine  by  means  of  Fehltng's  test? 

9-  Seduction  of  Nylander's  Reagent. -To  S  cc.  of  a  solution  of  uric  add 
potassium  hydroxide  add  about  one-half  a  cubic  centimeter  of  Nylander's 
igval  and  heat  to  boiling  for  a  few  moments.  Do  you  obtain  the  typical  black 
reaction  signifying  the  reduction  of  the  bismuth? 


NH 


CO 


CREATININE,  C  =  NH 


N.(CH,).CH,. 

^reatiniiie  is  the  anhydride  of  creatine  and  is  a  constituent  of  normal 

urine.     The  theorj'  that  creatinine  i.s  derived  from  the  creatine 

Hcd  muscular  tissue  as  well  as  from  the  creatine  of  the  muscular 

|l'4>f  the  organism  ha.'^  been  proven  to  be  incorrect  by  Folin, 

Br.  and  Wolf  and  Shaffer.     Shaffer  believes  that  creatinine  is 

of  some  special  proce.ss  of  normal  metabolism  which  takes 

to  a  large  extent,  if  not  entirely,  in  the  muscles,  and  further  that 

[amount  of  such  creatinine  elimination,  expressed  in  milligrams  per 

[raw  body  vcigkl,  is  an  index  of  this  special  prc)cc8s.*    He  further 

Banaulnl:  Ii«tl.  sui..  looS.  No.  1. 
I  ptopoKs  to  (lc9i:^iuitF  u  the  "crcattnioe  coefficient"  the  excretion  «(  ocatinMc- 
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3tat«  that  the  muscular  efficiency  of  the  individual  depends  upon  the 
intensity  of  this  process.  Under  normal  conditions  about  i-i.'-i  grai 
of  creatinine  is  excreted  by  an  adult  man  in  34  hours,'  the  exact  amoont 
dt-|>ending  in  great  part  upon  the  nature  of  the  food  and  dccreaai; 
markedly  in  siar\'ation.  Very  little  that  is  important  is  known  reganj- 
ing  the  excretion  of  creatinine  under  pathological  conditions.  Tbt 
creatiiune  content  of  the  urine  is  said  to  be  increased  in  typhoid  fevn, 
typhus,  tetanus,  and  pneumonia,  and  to  be  decreased  in  aiucmia.  chlon- 
sb,  paralysis,  muscular  atrophy,  advanced  degeneration  of  the  kidDC\'s. 
and  in  leukemia  (myelogeneous,  lymphatic  and  pseudo).    An  inatase 


i. 


FlO.    I  33.— CsSATfNlNI. 

of  creatinine  was  also  noted  In  diabetes,  an  increase  probably  due  to  tbe 

creatinine  content  of  the  meat  eaten.    The  greater  part  of  the  diU. 

however,  relating  to  the  variation  of  the  creatinine  excretion  undtr 

pathological  conditions  arc  not  of  much  value  since  in  nearly  e'ltFf 

tastancc  the  diet  was  not  sufficiently  controlled  to  permit  the  collecdM 

of  reliable  data-    And  further,  until  the  advent  of  the  FoUn  methed 

(see  page  506)  there  was  no  accurate  method  for  the  quantttativt 

determination  of  creatinine.     ShaSer  has  called  attention  to  the  lat^ 

that  a  low  excretion  of  creatinine  is  found  in  the  urine  of  a  remarksblf 

large  number  of  pathological  subjects,  representing  a  variety  of  eon- 

dttions,  and  that  it  is  therefore  evident  that  the  excretion  of  an  ti>- 

normally  small  amount  of  this  substance  is  by  no  means  peculiar  to U? 

one  disease.    A  considerable  increase  in  the  creatinine  content  of  Ot 

blood  has  been  observed  in  uremia.* 

'  According  to  Shaffer  the  «mount  acxctcA  bv  ttrictly  Dormal  individual*  i*  brt« 
and  II  mf.  uf  crcatininc-nitroscn  p«r  ktloxnun  m  body  wdgfaL 
'Fdin  and  Denis:  Jom*.  Biol.  Cbem.,  ii,  iii,  iiji*. 
Mj-en  and  Fine:  Jotir.  BM.  C)wm.,  30,  yfl,  \%\\. 
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*  Cieatinin  ecrysUUizes  in  colorless,  glistening  nionodinic  prisms  (Fig. 
»3,page  382)  which  arc  soluble  in  about  12  parts  of  cold  water;  they 
le  more  soluble  in  warm  water  and  in  warm  alcohol.  It  forms  salts  only 
n&  strong  mineral  adds.  One  of  the  most  important  and  interesting 
( the  compounds  of  creatinine  is  crfatimne-zinc  chloride,  (C4H7NjO)i- 
InClj,  which  is  formed  from  an  alcoholic  solution  of  creatinine  upon 
leatmentwith  zinc  chloride  in  acid  solution.  Creatinine  ha.s  the  power 
)f  reducing  cupric  bydrctidc  in  alkaline  solution  and  in  this  way  may 
ntcn'ere  with  the  determination  of  sugar  in  the  urine.  In  the  reduction 
)y  creatinine  the  blue  liquid  is  first  changed  to  a  yellow,  and  the  forma- 
tion of  a  brownish-red  precipitate  of  cuprous  oxide  is  brought  about  only 
ifler  continuous  boiling  with  an  excess  of  the  copper  salt.  Creatinine 
Iocs  not  reduce  alkaline  bismuth  solutions  and  therefore  does  not  intcr- 
ere  writh  Nylandcr's  and  Bocttgcr's  tests. 

It  has  recently  been  shown  by  FolJn  that  the  absolute  quantity  of 
Tcalinine  eliminated  in  the  urine  on  a  meat-free  diet  is  a  constant 
|Uantity  different  for  different  individuals,  but  wholly  independent  of 
luanlilative  changes  in  the  total  amount  of  nitrogen  eliminated. 
ihaScr  has  very  recently  confirmed  these  findings  and  has  shown  that 
he  output  of  creatinine  under  these  conditions  is  constant  from  hour 

*  hour  as  well  as  from  day  to  day. 
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Experiments  on  Creatinine 


1.  Preparation  of  Pure  CrcBtimne  from  Urine  (Toliii-Benedict'). — To  loliters' 
f  oodecomposM  urine  in  a  large  precipitating  jar  add  with  stirring  a  hot  solutioD 
( 180  grams  of  picric  add  in  450  c.c.  of  boiling  alcohol.  Allow  to  stand  over  night 
id  STpbon  oR  the  supernatant  fluid.  Pour  the  residue  upon  a  large  Buchoer 
inod,  drain  with  suction,  wash  once  or  twice  with  cotd  saturated  picric  acid  and 
ick  dty.  Treat  the  dry  or  nearly  diy  picrate  in  a  large  mortar  or  evaporating 
ifa  with  enough  concentrated  HCl  to  form  a  moderately  thin  paste  (about  60  c.c. 
'^aA  for  each  100  grams  of  picrate)  and  stir  the  mixture  thoroughly  with  the 
|Ue  for  3-5  mmutes.  Filler  with  suction  on  a  hardened  paper,  and  wash  the 
•tdoc  twice  with  enough  water  to  cover  it,  sucking  as  nearly  dry  as  possible 
ich  time.  Transfer  the  liltrate  to  a  large  flask  and  neutralize  with  an  excess  of 
ltd  magncsitun  oxide  (the  "heavy"  variety  is  best).  Add  this  oxide  in  small 
VtMMlS  with  cooling  of  the  flask  under  running  water  between  the  addilious. 
nmlixation  of  the  acid  will  be  indicated  by  a  bright  yellow  color  of  the  mix- 
rt,  or  litmus  paper  may  be  used  to  test  it.  Filter  with  suction.  Wash  the 
■idue  twice  with  water.  Immediately  add  a  few  cubic  centimeters  of  glacial 
nc  add  to  the  filtrate  to  make  it  strong  add.  Pay  no  attention  to  any 
Ittpitttte  that  may  form,  but  dihtte  the  solvtioa  wiOi  about  4  volumes  of  95  per 

Pfiencdict:  Jaar.Biol.Ckrm,,  i8,  182,  igi^. 
Fnlin:  Ihid.,  1;   46.1,  1014. 
•  If  it  i»  limply  daired  to  dcmonitrdie  ibe  pttscuct  ot  ctea\ui\tnt  a  \\\jw  tosi's  Vw  *^- 
ojred  and  tbe  vaiiour  n*genH  reduced  accordingly. 
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cent  alc<dii>L  After  15  minutes  filter  ofi  the  slight  precipiljite  vhich 
Treat  the  final  filtrate  vrith  30-40  c.c.  of  30  per  cent  zinc  chloride.  Stir  and  I 
stand  over  night  in  a  cool  place.  Pour  oR  the  supernatant  liquid  and  coUect  tbT 
creatinine  zinc  chloride  on  a  Buchner  funnel,  wash  once  with  water,  then  thai- 
OUgbl;  with  50  per  cent  alcohol,  finally  with  gs  per  cent  alcohol  and  dr;.  A 
□early  white,  light  crystalline  powder  should  be  obtained.  The  yield  should  bt 
90-95  per  cent  of  the  original  creatinine  [usually  about  1.5-1.8  grams  of  creatiniiw 
tine  chloride  per  liter  of  urine). 

Recrystallize  the  creatinine-zinc  chloride  by  treating  10  grains  with  100  u. 
of  water  and  about  60  c.c.  of  normal  sulphuric  acid,  heating  the  miztore  uoiili 
clear  solution  Is  obtained.  Add  about  4  grams  of  purified  animal  charcoal,  con- 
tinue boiling  for  about  a  minute,  filter  with  suction  through  a  small  BocbnH 
funnel,  pouring  the  filtrate  back  on  the  filter  three  or  four  times  until  it  nmi 
through  perfectly  colorless.  Wash  residue  with  hot  water  and  transfer  th«  tPtil 
filtrate  to  a  beaker  and  while  hot  treat  with  a  little  strong  zinc  chloride  aotetiaii 
(3  c.c.  I  and  with  about  7  grams  of  potassium  acetate  dissolved  in  a  little  wiiir. 
After  ten  minutes  dilute  with  an  equal  volume  of  alcohol,  and  allow  to  stand  b  1 
cold  place  for  some  hours.  Filter  off  the  crystalline  product  snd  eiamin«  unde 
microscope  isee  Fig.  114 ).  To  remove  the  small  amount  of  potasvium  Kulphin 
which  it  contains  stir  up  with  twice  its  weight  of  water,  filter,  wash  with  1  litiit 
water  and  then  with  alcohol.  The  preparation  should  be  snow  while.  Yield, 
85  90  per  cent. 

Place  the  finely  powdered  recrystalUied  creatinine  zinc  chloride  in  a  dtj 
flask  and  treat  with  seven  times  its  weight  1. by  volume)  of  concentrated  aqiiew* 
ammonia.  Warm  slightly  and  agitate  gently  until  a  clear  solution  is  obiiincd. 
C4ire  being  taken  to  drive  off  no  more  ammonia  during  the  warming  than  is 
necessary  10  obtain  a  clear  solution.  Stopper  the  flask,  allow  to  cool,  piscc  io 
the  ice-box  for  an  hour  or  more.  Pure  creatinine  crystallizes  out.  It  anY  ^ 
recrystallized  from  boiling  alcohol  or  concentrated  ammonia,  but  this  is  uniall] 
uimecessary.  The  product  is  perfectly  pure  and  can  be  used  as  a  standard  lo 
the  quantitative  determination  of  creatine  and  creatinine.  See  chapters 
Quantitative  Analysis  of  Urine  and  Blood. 

I.  Preparation  of  Creatine. ^ — (.Vraiiiic  tn;iy  ''c  prcp.ircd  from  treatinine  iik 
clilortUe  by  dftomjwsiiiuii  with  calcium  hydrate,  the  process  being  one  of  hydtnl^ 
>'sis  (Benedict). 

One  hundred  grams  of  creatinine  zinc  chloride  arc  treated  with  about  700  ri 
of  water  in  a  large  cii»»croItr  and  llie  mixture  heated  to  boiling;  >  jc  grams  <i  pure 
powdered  cslcium  hydrate  iirc  ihcn  added,  with  Mirringi  ami  ihc  mijiture  beflrt 
gcnily  for  30  minutes  (wUb  occasional  stirring).  The  hot  misture  is  then  (ilt«td 
with  Kuclion.  the  rckiduc  bring  washed  with  hot  water.  The  filtrate  » tlien  iresud 
with  hydrogen  sulphide  gas  for  a  few  minutes  and  poured  through  a  folded  flur 
to  remove  the  sine  The  fdlrate  t.i  acidified  by  the  ad<lition  of  about  5  c.c.  offlbtu' 
acetic  acid  and  boiled  down  rapidly  to  a  volume  of  about  100  c.c.  Thif  MlutiM 
is  allowed  to  stand  over  night,  preferably  in  a  cool  place.  The  next  day  the  cry*- 
tiil!i/.c<l  creatine  ix  filtered  all  with  suction,  wojJicd  with  n  verj'  little  cold  nttr 
and  then  thoroughly  washed  with  alcohol  and  dried.'  This  product  ts  tbea  itOi* 
tallizeil  by  diMolvin^  in  about  seven  tlmcH  Its  weight  of  boiling  water  and  allo*^ 

'  The  Allralc  ubiaincd  at  ibis  point  slioiiltl  I)c  diluted  vviih  alcohol  and  treated  wil^  K°' 
chlotiiic  ($0  c.c.  of  a  jo  per  cent  Miiutioni  loi  locovvrv  "j^  vV  Mt<iw<tT<«d  cnatioisi*. 
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cool  ilowjy  and  stand  for  some  hours.  This  product  should  be  per- 
pne.  If  QcccsMry  it  ctn  he  recr>-&laUi2ed  with  very  litttc  loss.  The 
fduct  should  be  filtered  oS,  washed  with  alcohol  and  ether  and  dried 
Jiulf  an  hour.  Thus  oblitined  llie  creatine  contiiins  water  of  cryslal- 
lloscs  very  readily  upon  exposure  (o  air.  To  prepare  creatine  whidi 
'with  absolute  exactness  it  is  necessary  to  dehydrate  thi*  product  by 
ie  hours  at  about  95'. 

lb  this  process  is  about  18  grams  of  recryatallizcd  creatine,  and 
k  of  creatinine  xinc  chloride  recovered.  Longer  boiling  with  lime 
t  about  a  greater  yield,  as  after  the  30-minutc  point  creatine  is 
most  exactly  aa  fait  as  it  is  formed. 

be  crystals  of  creatine  under  the  microscope  and  compare  with  lllus- 
iter  XIX  on  M  uscular  Tissue.    For  other  creatine  tests  see  Chapter 
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Tto.  1S4. — Cbcatiki.ve-ii.nc  CiiLoauii:.    iSMomU.) 

Wside  Test  (Weyl).— Take  5  cc  of  urine  in  a  test-tube,  add  a  few 
n  nitro-prusside  and  render  the  solution  alkaline  with  potassium 
Dtion.  A  ruby-red  color  results  which  soon  turns  yellow, 
tt  for  acetone,  page  437. 

vsside>«c«tic  Acid  Test  (SaUcowski).— To  the  yellow  solution  ob- 
*s  tent  abuve  add  uii  excess  of  acclic  acid  and  4pply  heal.  A  green 
td  is  in  turn  displaced  by  a  blue  color.    A  precipitate  of  Prussian 


eld  ReactioD  (JaSe). — Hace  s  c.c.  of  urine  in  a  tesl-lube,  add  an 
on  of  picric  acid  and  render  the  mixture  alkaline  with  potassium 
ban.  A  red  color  is  produced  which  turns  yellow  if  the  solution  be 
icose  gives  a  similar  red  color  but  only  upon  the  application  of  heat. 
doD  observed  when  creatinine  in  alkaline  solution  is  treated  with 
•  basic  principle  of  Folin's  colorimetric  method  for  the  quantilative 
|Df  creatinine  (see  page  506}. 

I  ETHEREAL  SULPHATES 

li  important  of  tbe  ethereal  sulphates  found  in  the 
^■suifilturk  acid,  p-€resol-su{phHTic  ocid,indi>rsl-si*Vt>\ut\c 
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acid,  and  skatoxyl-sulphurU  acid.  Pyrocatcchol-sulpburic  add  ab 
occurs  in  traces  in  human  urine.  The  total  output  of  ethereal  sutpinnit 
acid  (as  S0()  varies  ordinarily  from  o.i  ^am  to  0.35  gram  for  34  bona  ' 
and  comprise  5-15  per  cent  of  the  totJiI  sulphur.  In  health  the  ratio 
of  ethereal  sulphuric  add  to  inorganic  sulphuric  add  is  about  i:ia 
These  ethereal  sulphuric  acids  originate  in  part  from  the  phenol,  cresol, 
indole  and  skatolc  formed  in  the  putrefaction  of  protein  material  in 
the  iatestine.  The  phenol  pusses  to  the  liver  where  part  of  it  is  conju- 
gated to  form  phenol  patas^ium  sulphate  and  appears  in  this  form  b  ttu 
urine  whereas  the  indole  and  skatole  undergo  a  preliminary  oxidation  (0 
form  indoxyt  and  skaloxyl  respectively  before  their  conjugation  u^ 
cUminatioiL  ^ 

It  was  formerly  generally  considered  that  each  of  the  ethereal  sul- 
phuric acids  was  formed  prindpally  in  the  putrefaction  of  protein 
materia!  in  the  intestine  and  that  therefore  a  determination  of  the  total 
ethereal  sulphuric  acid  content  of  the  urine  was  an  index  of  the  extent  to 
which  these  putrefacti\e  processes  were  proceeding  within  the  organism. 
Folin,  however,  conducted  a  scries  of  experiments  which  seemed  to 
show  that  the  ethereal  sulphuric  add  content  of  the  urine  did  not  aStsi 
an  index  of  the  extent  of  intestinal  putrefaction,  since  these  bodid 
arise  only  in  part  from  putrefactive  processes.  He  claims  that  the 
ethereal  sulphuric  acid  excretion  represents  a  form  of  sulphur  metabolimi 
which  is  more  in  evidence  upon  a  diet  conttuning  a  very  small  amountof 
protein  or  upon  a  diet  containing  absolutely  no  protein.  The  ethciul 
sulphuric  acid  content  of  the  urine  diminishes  as  the  total  sulphur  con- 
tent diminishes  but  the  percentage  decrease  is  much  less.  Therefore 
when  considered  from  the  standpoint  of  the  total  sulphuric  add  content 
the  ethereal  sulphuric  add  content  is  not  diminished  but  is  increaSii 
although  the  total  sulphuric  add  content  is  diminished.  Folin's  experi- 
ments also  seem  to  show  that  the  indoxyl  sulphuric  add  (indoi)*l  potas- 
sium sulphate  or  indican)  content  of  the  urine  docs  not  originate  to  any 
degree  from  the  metabolism  of  protein  material  but  that  it  arises  ic 
great  part  from  intestinal  putrefaction  and  that  the  excretion  of  indoiyl 
sulphuric  acid  may  alone  be  taken  as  a  rough  index  of  the  extent  of  putre- 
factive processes  within  the  intestine.     Indoxyl  sulphuric  add, 
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which  occurs  in  the  urine  as  indoxyl  potassium  sulphate  or 

CH 
HC     C-  C(O.SO»K), 
HC     C     CH 

CH  XH 

Jy  the  most  important  of  the  ethereal  sulphuric  acids.  Under 
ODditions  from  4  to  20  mg.  of  indican  are  excreted  per  day. 
ations  are  due  mainly  to  diet,  a  high  moat  diet  causing  an 
ind  a  carbohydrate  diet  a  decrease.  Pathologically  the  great- 
ises  are  found  in  disorders  involving  increased  putrefaction  and 
m  of  intestinal  contents.  Bacterial  decomposition  of  body 
IS  in  gangrene,  putrid  pus  formation,  etc.,  gives  rise  to  an 
1  indican  excretion. 

,3  formerly  believed  that  the  phenol  was  excreted  practically 
dvcly  in  the  conjugated  form.  Recent  work  of  Folin  and  Denis' 
indicate  that  this  is  not  true.  Only  part  of  the  phenols  formed 
fnal  putrefaction  are  excreted  in  the  conjugated  form,  the 
T  being  excreted  as  free  phenol.  The  phenol  output  tends  to 
!Ctly  hut  not  proportionally  with  the  protein  ingestion.  The 
no!  excretion  of  norma)  men  on  an  ordinary  mixed  diet  averages 
1.4  gram  per  day. 


~  TSsTS  FOR  Indican* 

!•*>  Test — Nearij  fill  a  test-tube  with  a  mixture  composed  of  equal 
I  €onc«atrated  HCl  and  tiie  urine  under  ezaniination.  Add  a-3  cc 
ma  and  ■  few  drops  of  a  calcium  h}'pochlonte  solution,  place  the  thumb 
end  of  the  test-tube  and  shalie  the  tube  and  contents  thorou^lty. 
>form  is  colored  more  or  less,  according  to  the  amount  of  indican  pres- 
inarity  a  blue  color  due  to  the  formation  of  tndigo-blue  is  produced; 
satly  a  red  color  du«  to  indigo-red  may  be  noted, 
t  this  test  on  some  of  this  same  urine  to  which  fonnoldchyde  hits 
^.    Is  there  any  variation  in  the  reaction  from  what  you  previouBty 

is  the  reaction  (see  also  pages  313-213): 

Md  Dcius:  Jour.  Btal.  Ckem.,  a,  300.  igi5. 

riDC  ibould  always  be  examined /mAUtlutttpOMible.  Inanye^-cnltotmalde- 
i  never  be  uiedas  B  pic»i%-ativ«  for  such  urines  uue  to  be  examined  for  indican 
rf  any  tot  involving  hypochlorite  or  |)otaaaium  pennanganatc.  The  formsIdc- 
^ilBreducinicpowcr  luwcrft  the  oxidiunjc  efficiency  of  the  inlxture.  Theforma- 
aic  add  from  the  aldehyde  may  also  interiete. 
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Indln^iln,.  CiJIitNtOi. 

2.  ObemuyeT's  T«st.— Nearly  fill  a  test-tub«  with  a  miztuie  cominMcd  of 
equal  volumes  of  Obermayei's  reagent'  and  the  urine  under  *^ft*W'"* 
Add  3-3  c.c.  of  chloroform,  place  the  thumb  over  the  end  of  the  t«st-tiibt ud 
shake  thoroughly.    How  does  this  compare  with  Jafle's  test? 

3.  JoUes'  Reaction.'— To  10  c.c.  of  urine  add  i  c.c.  of  a  5  per  cent  alcDbolic 
thymol  solution  and  shake.  Add  about  to  c.c.  of  fuming  HCl  containiiif  5 
grams  of  ferric  chloride  per  titer.  Shake  again  carefully  and  let  stand  for  15 
minutes.  Add  about  4  c.c.  of  chloroform  and  ertract  the  pigment  by  repciHl 
gentle  shaking.  The  chloroform  becomes  intensely  violet.  0.0033  mg.  of  indi- 
can  can  be  detected  in  10  cc  of  urine.  It  is  much  the  most  delicate  tut  In 
indlcaiL 


CO.NH.CHj.COOH. 


HIPPURIC  ACID, 
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This  add  occurs  normally  in  the  urine  of  both  the  carnivora : 
herbivora  but  is  much  more  abundant  in  the  urine  of  the  latter, 
formed  by  a  synthesis  of  benzoic  acid  and  glycocoU  which  talus  piut 
in  the  kidneys  and  elsewhere'.  The  glycocoU  comes  from  decompoe- 
tion  of  protein.  The  benzoic  acid  thus  utilized  may  come  from  (i)  («■ 
formed  benzoic  acid  of  fruits  and  vegetables;  (3)  other  aromatic  one- 
pounds  of  fruits  and  vegetables;  (3)  aromatic  amino-acids  (tyroiiix 
and  phenylalanine)  from  the  alimentary  tract.  The  average  eicrctKin 
of  hippuric  add  by  an  adult  man  for  24  hours  under  normal  condition^ 
is  about  0.7  gram.  Hippuric  add  crystallizes  in  needles  or  thonluc 
prisms  (sec  Fig.  1 25,  p.  389)  the  particular  form  depending  upon  t^ 

'  Obcrnwycr'i  rtagcnt  is  prepared  by  iilding  1-4  ST»m»  of  ferric  chloride  to  a  Httt  d  £"■ 
C«ntrated  HCl  (sp.  gr.  i.t9>. 

'  Zeis,  physiei.  Ckem.,  94,  79, 1913- 
'KJnjistiuryandllcU:  Jw*.  Biot.  Chein..3i,mii4n- 
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apidity  of  crj'stallization.  Pure  hippuric  add  melts  at  iSy'C.  The 
most  satisfactory  method  for  the  isolation  of  hippuric  add  from  the 
irine  in  crystalline  form  is  that  proposed  by  Roaf  (sec  below).  It 
is  easily  soluble  in  alcohol  or  hot  water,  and  only  slightly  soluble  in 
etlier.  The  output  of  hippuric  add  is  increased  in  diabetes  owing  prob- 
ably to  the  ingestion  of  much  protein  and  fruit.  Plums,  prunes  and 
cranbeiries  in  particular  increase  the  hippuric  acid  output  considerably 
due  to  thdr  relatively  high  content  of  benzoic  acid.  Hippuric  add 
is  decreased  in  fevers  and  in  certain  kidney  disorders  where  the  sj^nthetic 


Fio.  r»s.— Hippintic  Acio. 

activity  of  the  renal  cells  is  diniini.shed.     It  may  be  determined  quan- 
liUtively  by  methods  pven  in  Chapter  XXVI. 


^Trieptnit 


Experiments  on  Hippuric  Acid 


ition  from  the  tlrine. — fa)  First  Method. — Bender  500-1000  c.c. 
of  Brine  of  the  horse  or  cow'  alkitline  with  milk  of  Ume,  boil  for  a  few  momi^Dts  and 
fiJler  whfl*  hot.  Concentrate  the  filtrate,  over  a  humor,  to  a  small  volume.  Cool 
the  soltitjon,  addily  it  strongly  with  concentrated  hydrochloric  acid  and  stand  it 
is  a  cool  place  for  24  hours.  Filter  off  the  crystals  of  hippuric  acid  which  have 
fonnml  and  wash  them  with  a  little  cold  water.  Remove  the  crystals  from  the 
paper,  dissolve  them  in  a  very  small  amount  of  hot  water  and  percolate  the  hot 
■ohtioo  through  thoroughly  washed  animal  charcoal,  being  careful  to  wash  out 
I  last  portion  of  the  hippuric  acid  solution  with  hot  water.    Filter,  concentrate 

II  urine  o(  the  hone  or  cow  is  not  available  hutnnn  urine  may  scnc  the  purpose  fully 
'1  provided  means  are  taken  to  Incrcoiie  its  conl^'nl  nf  hippuric  a<id,     Thi(  may  bccon- 

lUy  acconuiliabcd  by  incMtinit  1  xiariig  of  iimnii>iiium  bcnzoulr  nt  niitiit.  (See 
itcrADMctabolisiii).     Tbe  fraction  of  urine  pnsicd  in  the  morninp  will  be  found  to  have 

coalent  o(  hippuric  add.  The  Ammonium  bcnzoale  is  in  no  wa^  haim^<A.  \tv  -^vw 
iuiB  bcnioale  in  not  aynilabh  sodium  brnzuatc  may  V>c  ••ub»1.\luVt<X. 
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tb«  filtrate  to  a  snull  volume  and  stand  it  aside  for  crystalUzatioa.  Biamlnc  \ht 
crrstali  under  the  microscope  and  compare  them  with  those  in  Fig.  135,  page  38). 
Tliis  method  is  not  as  satisfactory  as  Roafs  method  (see  below). 

0>)  Roafs  Method. — Plac«  500  c.c.  of  urine  of  the  horse  or  cow  fai  a  cu- 
serole  or  prccipitstinji;  jar  and  add  an  equal  volume  of  a  saturated  solution  rf 
ammonium  sulphate'  and  7.5  c.c.  of  concentrated  sulphuric  add.  Permit  tbc 
mixture  to  Stand  for  14  hours  and  remove  the  cirstalt  of  hipporic  add  by  SltntHiL 
Purify  the  ciyetals  by  recrystallization  according  to  the  directions  given  abon 
under  First  Method.  Examine  the  crrstals  under  the  microsc<^  and  comput 
them  vnth  those  given  in  Fig.  135,  page  3Sg. 

If  suSlcient  urine  is  not  available  to  permit  the  use  of  500  c.c.  a  smaller  volume 
may  be  used  inasmuch  as  it  is  possible,  by  the  above  tech&ic,  to  isolate  hippuric 
add  in  crystalline  form  from  as  small  a  volume  as  15-50  c.c.  of  herbivorous  udoi. 
The  greater  the  amount  of  ammonium  sulphate  added  the  more  rapid  the  oyitil' 
liuttoa  until  at  the  saturation  point  the  crystals  of  hippuiic  add  soraetimes  fomla 
about  ten  minutes. 

3.  Melting-point.— Determine  the  melting-point  of  the  hippuiic  acid  pn- 
pared  in  the  above  experiment  (see  page  375). 

3.  Solubility. ^Test  the  solubility  of  hippuric  add  in  hot  and  cold  wittr  ai 
In  alcohol,  and  ether. 

4.  Fonnadon  of  Nitro-Benzene  (LUcke't  Reaction). — To  a  little  hippuiic  idd 
in  a  small  porcelain  dish  add  t-a  cc  of  concentrated  HROi  and  evaporate  toiif 
nets  on  a  water -bath.    Transfer  the  residue  to  a  dry  test-tube,  apply  beat,  o^ 
note  the  odor  of  the  artificial  oil  of  bitter  almonds  (nitrobenzene).  H 

5.  Spiro's  Reaction.'— \V  ft  mi  the  hippuric  scid  with  acetic  anhydride,  iiif 
droua  iodium  acetate  and  bengal  J  eh  yde.  .\(ier  one-half  hour  permit  the  soluliiK 
to  oool.  Note  the  formation  of  cryst.^ls  of  the  lactimide  of  phcnylaminodnniniic 
add,  melting-point  165-166*.  Heat  some  of  the  crystals  with  concentrated  sodium 
hydroxide  until  iiramonia  is  given  off.  .\ddi(y  nnil  note  the  fortiuilion  of  ptKay)- 
pyrorjicemic  acid  (C,HtCIf,.CO.COOH).     This  .icid  is  soluble  in  ether, 

6.  Sublimation.— Place  a  few  oyatals  of  hippuric  acid  in  a  dry  test-tnbtul 
apply  heat.  The  crystals  are  reduced  to  an  oily  fluid  which  aoltdifies  in  a  oyilil- 
line  mass  upon  cooling.  When  stronger  heat  Is  applied  the  liquid  C8sa»  • 
red  color  and  finally  yields  a  sublimate  of  benzoic  add  and  the  odor  of  bftn- 
cyanic  add. 

7.  Formation  of  Fenic  Salt. — Render  a  small  amount  of  a  solution  of  i^ 
purlc  add  neutral  with  dilute  potassium  hydroxide.  Now  add  1-3  drops  of 
neutral  ferric  chloride  solution  and  note  the  formation  of  the  ferric  salt  of  bif- 
putic  acid  as  a  cream-colored  precipitate. 

8.  Synthesis  of  Hippuric  Add. — To  some  oE  the  glycocoU  prqiared  in  thelW 
eipcrimcnc  or  fuinishcd  by  the  instructor,  add  a  little  water,  about  1  c.c.  of  hwaofi 
diloTlde  and  render  alkaliJoe  with  potasuum  hydroxide  toluUocu  Stopper  tlie  ui* 
and  shake  It  until  no  more  heat  is  evolved.  Now  render  strongly  alltaliac  *^ 
potasMum  hydroxide  and  shake  the  mixture  until  no  odor  of  benioyl  chloride  on  bi 
detected.  Cool,  .-icidify  with  bydrodiloric  add,  add  an  equal  volume  of  petroleoa 
ether,  and  shake  thoroughly  to  remove  the  bcnxoic  add.  (Evaporate  this  vibiWii 
andnote  the  crystal*  of  benzoic  add.  Compare  them  with  those  shown  In  Fig.  ii:> 
page  306.)    Decant  the  ethereal  solution  into  a  porcdsJn  dish  and  extract  tpa 

'  Hi  gratn$  oi solid  smmonium  »ulp\iaU  m&7  \ic  vihv&Wlal. 
'Spiro:  ZtU.  phys'uA.  CJum..  aft,  17*.  tftqq- 
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wiib  ether.  The  blppuric  add  remains  In  the  aqueous  solution.  Filter  Et  olT  antt 
wuh  it  with  a  small  amount  of  colH  wntcr  whUc  still  on  tbc  filter.  Remove  it  to 
i  small,  shallow  vessel,  dissolve  it  in  a  small  amount  of  hot  water  and  set  it  aside 
!oi  crystallization.  Examine  the  crystab  microscopically  and  compare  them  with 
iLosc  in  Fig.  iij,  page  389. 

The  cbemiilry  t>l  tlie  synthesis  ii  represented  thus: 


CH.NH, 


coa 


OCNHCH,*COOH. 


+  HCL 


Bokmrl  cUori4*.       HtppurK  Mid. 


OXALIC  ACID, 


COOH 
COOH 


Oxalic  acid  is  a  constituent  of  normal  urine,  about  15-20  mg.  being 
elinuBated  in  34  hours.  It  is  present  in  the  urtue  as  calcium  oxalate 
vMch  is  kept  in  solution  through  the  medium  of  the  actd  phosphates. 
The  origin  of  the  oxalic  acid  content  of  the  urine  is  not  well  under- 
stood. It  is  eliminated,  at  least  in  part,  unchanged  when  ingested,  there- 
fore since  many  of  the  common  articles  of  diet,  e.g.,  asparagus,  apples, 
abbage.  grapes,  lettuce,  spinach,  tomatoes,  etc.,  contain  oxalic  add 
(oulates)  it  seems  probable  that  the  ingested  food  supplies  a  portion  of 
the  oxalic  acid  found  in  the  urine.  There  is  also  experintental  evidence 
thit  part  of  the  oxalic  acid  of  the  urine  is  formed  within  the  organism 
inUiecourseof  protein  and  fat  metabolism.  It  has  also  been  suggested 
that  oxalic  add  may  arise  from  an  incomplete  combustion  of  carbo- 
hydrates, especially  under  certain  abnormal  conditions.  Patholog- 
ically, oxalic  add  is  found  to  be  increased  in  amount  in  diabetes  melHtus, 
inorganic  diseases  of  the  liver,  and  in  various  other  conditions  which  are 
accMnpanicd  by  a  derangement  of  the  oxidation  mechanism.  An 
aboonnai  increase  of  oxalic  acid  is  termed  oxahria.  A  considerable 
increase  in  the  content  of  oxalic  acid  may  be  noted  unaccompanied  by 
iny  other  apparent  symptom.  Calcium  oxalate  crystallizes  in  at  least 
Jffo  distinct  forms,  dumb-bells  and  octahcdra  (Fig.  134,  page  459). 


k 


Experiments 


Preparation  of  Calcium  Oxalate.— First  Method. —Place  300-150  c.c.  of 
ihne  in  ■  beaker,  add  5  c.c.  of  a  saturated  solutioa  of  calcium  chloride,  make  the 
urine  slifbtly  acid  with  acetic  acid,  and  stand  the  beaker  aside  in  t  cool  place  for 
14  hours.  Examine  the  sediment  under  the  microscope  and  compare  the  CTystal- 
liae  fonns  with  those  shown  in  Fig.  134,  page  45Q. 

Second  Method.— Proceed  as  above,  replacing  the  acetic  acid  by  an  exc«&s  ot 
ium  hydroxide  and  Sltering  off  the  predpltate  of  v^os\ib&^«%> 


L 
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NEUTRAL  SULPHUR  COMPOUNDS 

Under  this  head  may  be  classed  such  bodies  as  c>'9tine  (see  page  75), 
cliondroitin-suiphuric  add,  oxyproteic  add,  alloxyproteic  add,  urofcmc , 
acid,  methyl  mercaptan,  ethyl  sulphide,  thioc>'anates  and  taurinf 
derivatives.  The  sulphur  content  of  the  bodies  just  enumerated  is 
generally  termed  unoxidized  or  neutral  sulphur  in  order  that  it  may  not 
be  conluscd  with  the  add  or  oxidized  sulphur  which  occurs  in  the 
inorganic  sulphuric  acid  and  ethereal  sulphuric  acid  forms.  Ordinarilv 
the  neutral  sulphur  content  of  normal  human  urine  is  5-25  per  cent 
of  the  total  sulphur  content  (see  "Sulphur  Partition"  in  chapter  on 
Metabolism.)     The  actual  amount  excreted  may  be  0,3-0.4  psms 


FlO,   I  »6.— AtXACTOIN,  FHOM  Cat's  I'ftlKI. 

d  and  b,  Fornu  la  wblvh  It  crysullucd  Irota  the  urine;  c,  rccr>'Sta]Lii«d  allaiitoui.    (Dan^ 
iiom  tnictophotognphs  lurnished  by  Prof.  lA(a>-eUc  B.  Mendet  of  Yale  Uiuvenit)-.) 

per  day,  calculated  as  S0|.     Its  origin  is  mainly  endogenous, 
excretion  is  fairly  constant  for  any  pveii  individual  in  spite  of  diet 
changes.     In  tuberculosis,  cancer,  cj-stinuria,  etc.,  the  amount 
be  relatively  or  absolutely  increased. 

NH.CH.XH 


ALLANTOIN,  OC  CO 

I  i 

NH.CO  XH, 

Allantoin  is  found  in  the  urine  of  practically  all  mammals  indud 
man.     In  human  urine  it  occurs  in  very  small  amount  (5-15  mg. 
day)  whereas  in  the  case  of  all  other  mammals  investigated  eic 
anthropoid  apes,  it  is  the  {)Tmcv{»%\  end-^Toduct  ai  purine  metaboUsiDi 
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and  may  conslitute  90  per  cent  or  over  of  the  total  purine  output.' 
AlUntoin  is  formed  by  the  oxidation  of  uric  acid  and  the  output  is 
increased  by  the  feeding  of  thymus  or  pancreas  to  lower  animals. 
When  pure  it  crj-stallizes  in  prisms  (Kig.  r  36,  page  392)  and  when  impure 
in  granules  and  knobs.  Pathologically,  it  has  been  found  increased  in 
(Sabetes  insipidus  and  in  hysteria  with  convulsions  (Pouchct),  Mendel 
^id  Dakin'  have  shown  that  allantoin  is  optically  inactive  notwith- 
PKuiding  the  fact  that  it  contains  an  asj'mmetric  carbon  atom.  This 
phenomenon  they  believe  to  be  due  to  tautomeric  change.  Wicchowski 
bas  suggested  an  excellent  method  for  the  quantitative  determination 
[  alUntoin.     (Sec  Chapter  XXVI.) 

Experiments 

t.  SeparatiDD  from  the  Urlac* — Meissnei's  Method.— Precipitate  the  urine 
I  ImTt*  water.  Neutralize  the  filtrate  carefully  with  dilute  Eulphuric  acid, 
r  BODeiJiately,  and  evaporate  the  filtrate  to  incipient  crystalUiation.  Com- 
ely  piedpilate  this  warm  fluid  with  95  per  cent  alcohol  (reserve  the  precipi- 
Decant  or  Slier  and  precipitate  the  solution  by  ether.  Combine  the 
ber  and  alcohol  precipitates  and  extract  with  cold  water  or  hot  alcohol;  allan- 
I  taaains  undissolved.    Bring  the  allantoin  into  solution  in  hot  water  and 


I.  PreparatioD  from  Diic  Acid. — Dissolve  4  grams  of  uric  acid  in  100  cc.  of 

er  rendered  alkaline  with  potassium  hydroxide.    Cool  and  carefully  add  3 

of  potassium  permanganate.     Filter,  immediately  acidulate  the  filtrate 

I  antic  acid  and  allow  it  to  stand  in  a  cool  place  over  night.     Filter  off  the 

and  wash  them  with  water.     Save  the  wash  water  and  filtrate,  imile 

I  and  after  concentrating  to  a  small  volume  stand  away  for  ctystallization. 

'  combine  all  the  crystals  and  recrystallize  them  from  hot  water.    Use  these 

,  to  the  experiments  which  follow. 

[  J.  Microscopical   Examination.-    Examine    the  crystals  made  in  the  last 

lent  and  compare  them  with  those  shown  in  Fig.  1 16. 
k  4.  Solubility.— Test  the  solubility  of  allaotoin  in  cold  and  hot  water,  cold  and 
lalcohol  and  in  ether. 

5.  Reaction. — Dissolve  a  crystal  in  water  and  test  the  reaction  to  litmus. 

6.  Furfural  Teat  (Schiff  I  .-—Place  a  few  crystals  of  allantoin  on  a  test-tablet  or 
j  a  porcelain  dish  and  add  1-3  drops  of  a  concentrated  aqueous  solution  of  fur- 

lasd  t~3  drops  of  concentrated  hydrochloric  acid.    Observe  the  formation  of 
'  color  which  turns  to  a  light  purple  if  allowed  to  stand.    This  test  is  given 
rwe«  but  not  by  uric  acid. 

^  7.  Mnrextde  Test.— Try  this  test  according  to  the  directions  given  Ofl  page 
Note  that  allantoin  fails  to  respond. 

Reduction  of  Fehling's  Solution. — Make  this  test  in  the  usual  way  <see 
1 416}  except  that  the  boiling  must  be  prolonged  and  excessive.     Ultimately 

'  Wi«:bo«ski:  "Die  rurinsttific  und  ciui.\llantoin"inXcubauer  and  Hup]KTi's"'^Ha- 
iudt-i  Hams."  WiMbkdcn,  igij. 

■Xleadcl  and  Dakln:  Jour.  Btel.  CAem.,  7,  153,  T910. 
I      *  the  VTuie  of  ihcdaK*tiet  t£>-inu».panrrcp«,  or  uric  acid  feeding  mftV^'^V^^'*^ 
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th«  KllantoiD  will  reduce  the  •olutioa.    Comp«xe  with  the  result  oa  one 
pec*  381. 

AHIHO -ACIDS- 


Certain  of  these  acids  are  always  present  in  normal  uriae- 
excretion  of  total  amino-actd  nitrogen  by  a  normal  adult  averages 
0.4-1.0  gram  per  day  or  about  3-6  per  cent  of  the  total  oiUogcfl. 
Free  amiDO-add  nitrogen  (see  van  Slyke  procedure,  Chapter  IS)  h 
considerably  less  than  this,  and  ordinarily  constitutes  0.5-1  per  oeot 
of  the  total  nitrogen.  The  amount  ma>'  be  largely  increased  in  disordm 
associated  with  tissue  waste,  e.g.,  typhoid,  acidosis,  pronounced  atrophv 
of  the  liver,  etc.     For  tests  on  amino-adds  sec  Chapter  IV. 


AROMATIC  OXYACIDS 


Two  of  the  most  inaportant  of  the  oxyadds   are   poraliydm]-_ 
phenyl-acetk  acid, 

CHj.COOH, 


OH 

and  parahydroxy-phenyl-propionic  acid, 

CH,.CH,.COOH. 


L 


OH 

They  arc  products  of  the  putrefaction  of  protein  material  and  tyrosine 
is  an  intermediate  stage  in  their  formation.  Both  these  adds  for  il)( 
most  part  pass  unchanged  into  the  urine  where  they  occur  nonnaByi" 
very  small  amount.  The  content  may  be  increased  in  the  same  reaiuw 
us  the  phenol  content,  in  particular  by  acute  phosphorus  poisomog.  ^ 
fraction  of  the  total  aromatic  oxyadd  content  of  the  urine  is  in  combiu- 
tion  with  sulphuric  acid,  but  the  greater  part  is  present  in  the  ion 
of  salts  of  sodium  and  potassium. 

Eomogcntisic  Acid  or  di-hydrox>'phcnyl-acetic  add, 

OH 

CHt.COOH, 


'For  a  full  dltcussion  hc  VlndttWll'*  "The  Phrtlolofly  «t  ibe  Amiao  Addt." 
i/nhttsUy Pna,  November,  iins- 
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b  soother  important  oxyadd  sometimes  present  in  the  urine.  Under 
lie  name  glycosuric  acid  it  was  first  isolated  from  the  urine  by  Prof. 
John  Marshall  of  the  University  of  Pennsyh-ania;  subsequently  Bau- 
mann  isolated  it  and  determined  its  chemical  constitution.  It  occurs  in 
OSes  of  aUaptonuria.  A  urine  containing  this  ox>'acid  turns  greenish- 
broirn  from  the  surface  downward  when  treated  with  a  little  sodium 
hydroxide  or  ammonia,  ff  the  solution  be  stirred  the  color  very  soon 
twonnes  dark  brown  or  even  bkck.  Homogcnlisic  acid  reduces 
lOuJioe  copper  solutions  but  not  alkaline  bismuth  solutions.  Vro- 
letKJc  acid  is  similar  in  its  reactions  to  homogcntisic  acid. 
■  Bydroxymatidetie  Acid  or  parahydroxyphenyl-glycolic  acid, 

I  OH 

^^^  CH(0H).C00H, 

has  been  detected  in  the  urine  in  cases  of  yellow  atrophy  of  the  Hver. 
Kynurenic  Acid  or  7-oxy-/3-quinoline  carbonic  add, 

CH  COH  , 

^\/\ 
HC     C     C.COOH, 

I       II       I 
HC      C     CH 


CH  N 

b  present  in  the  urine  of  the  dog  and  has  recently  been  detected  by 
Swiin  in  the  urine  of  the  coyote.  To  isolate  it  from  the  urine  proceed 
M  follows:  Acidify  the  urine  with  hydrochloric  add  in  the  proportion 
»:»S*  From  this  add  fluid  both  the  uric  add  and  the  kynurenic  add 
separate  in  the  course  of  24-48  hours.  Filter  off  the  combined  crys- 
UlEne  deposit  of  the  two  adds,  dissolve  the  kynurenic  acid  in  dilute 
Mimonia  (uric  add  is  insoluble),  and  rcprccipitatc  it  with  hydrochloric 
»dd.  If  a  solution  containing  kynurenic  acid  be  evaporated  to  dryness 
with  hydrochloric  add  and  potassium  chlorate,  a  reddish  re^due  is 
<*tained  which  becomes  iixii  brownish  green  and  then  emerald  green  on 
Adding  ammonia  0aff£). 

K)-nurenic  acid  may  be  quantitatively  determined  by  Capaldi's 
method.' 

COOH. 


^afl« 


BBKZOtC  ACID. 
■aa«*!^/l(-j*^wiW.i/'f*»  C^tmie,  13,  91,  i8g7. 
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Benzoic  acid  has  been  detected  in  Uie  urine  of  the  rabbit  and  dog.  Itii 
also  said  to  occur  in  human  urine  accompanyiog  renal  disorders.  1^ 
benzoic  add  probably  originates  from  a  fermentative  decomposition  of 
the  hippuric  acid  of  Uie  urine.  Benzoic  add  and  giycocoll  are  syntk- 
sized  in  the  kidney  and  clscwhore'  to  form  hippuric  add  (see  page  585}. 
Certain  fruits  and  berries  contain  considerable  benzoic  add;  e.g.,  cran- 
berries  have  been  shown  to  contain  0.06  per  cent.* 

EXPERIKENTS 

1.  Solubility.— Test  the  solubility  of  benzoic  acid  in  water,  slcohol,  ind  efliK. 

2.  Cryslallme  Fonn.— Reciy&taltize  some  beniotc  acid  bom  hot  wat«i,  ex- 
amine the  crystals  under  the  microscope,  and  compare  them  with  tbOM  »• 
produced  in  Pig.  laj. 


Fin.  137. — BsxaoK  Acid. 

3.  Sublimation. — Place  a  little  benzoic  add  in  a  t«Rt-tube  and  heal  oval 
flame.  Note  the  odor  which  is  evolved  and  observe  that  the  acid  subUmes  islbe 
form  of  aeedlei. 

4.  Dissolve  a  little  sodium  benzoate  in  water  and  add  a  solution  of  nniBil 
fenic  chloride.  Note  the  production  of  a  brownisJi -yellow  precipitate  vS'li^T''' 
acid  gives  a  reddish-violet  color  under  the  same  conditions).  Add  ammiwM 
hydroxide  to  some  of  the  precipitate.  It  dissolves  and  ferric  hydroxide  ufonud- 
Add  a  little  hydrochloric  acid  to  another  portion  of  the  original  piedpittl*  oA 
stand  the  vessel  away  over  night.    What  do  you  observe? 


M. 


NUCLEOPROTEIH 

The  nubecula  of  normal  urine  has  been  ^hown  by  one  inv* 
to  consist  of  a  mucoid  containing  13.7  per  cent  of  nitrogen  and 
per  cent  of  sulphur.     This  body  evidently  originates  in  the  uriniO'_ 

' Kiatibixry  utA  Bell;  Jout.  Biol.  Ckem.,  ti,  iqr.  iq'S-  , 

'R»dtn  fquoled  by  Blalhetirick  {.AtOi.  Ini.  Mt4.,\v Vx».^l^'>l\'«««'»«V*W«>W«" 
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iges.  It  is  probably  slightly  soluble  in  the  urtae.  Some  investiga- 
ibdieve  that  the  body  fonniog  the  nubecula  of  normal  urine  is 
toprotein  and  not  a  mucin  or  mucoid  as  stated  abo%-e.  A  discussion 
ictcoprotcin  and  related  bodies  occurring  in  the  urine  under  patho- 
ftl  conditions  will  be  found  on  page  43S. 

^^^  NH— CO 

naluric  a 


oxAtinuc  Acm,  CO     I 

i 

N*H(  COOH. 


aluric  acid  Li  not  a  constant  constituent  of  normal  human  urine, 
When  found  occurs  only  in  traces  as  the  ammonium  salt.  Upon 
ng  oxaluric  acid  it  splits  into  oxalic  acid  and  urea. 

I  GLUCOSE 

CluE  sugar  occurs  in  fraces  in  normal  urine.  It  is,  however,  not 
ent  in  sufficient  concentration  to  be  detected  by  any  of  the  ordinary 
t  used  in  urine  analysis.  In  certain  pathological  conditions  (pp. 
Uid  533)  the  sugar  in  the  urine  is  notably  increased.  Folin  has 
fitly  modified  Benedict's  sugar  test  (sec  Chapter  XXIII)  so  it  may 
Bed  to  demonstrate  the  sugar  content  of  normal  urine.' 

I  ENZYMES 

IFacious  types  of  enzymes  produced  within  the  organism  are  excreted 
0th  the  feces  and  the  urine.  In  this  connection  it  is  interesting  to 
t  that  pepsin,  rennin,  lipase  and  an  amylase  have  been  positively 
Itified  in  the  urine.  The  occurrence  of  trypsin  in  the  urine,  at  least 
ti  normal  conditions,  is  questioned. 

I  VOLATILE  FATTY  ACIDS 

pcetic,  butyric,  and  formic  adds  have  been  found  under  normal 
Utions  in  the  urine  of  man  and  of  certain  carnivora  as  well  as  in  the 
p  of  herbivora.  Normally  they  arise  principally  from  the  fermenta- 
iof  carbohydrates  and  the  putrefaction  of  proteins.  The  acids  con- 
Dg  the  fewest  carbon  atoms  (formic  and  acetic)  are  found  to  be 
lent  In  larger  percentage  than  those  which  contain  a  larger  number  of 
I  atoms.  The  volatile  fatty  acids  occur  in  normal  urine  in  traces, 
(total  output  for  34  hours  according  to  older  investigators  var^nng 
K  0.008  gram  to  0.05  gram. 
Pktfaologically,  the  excretion  of  volatile  fatty  acids  is  increased  in. 

LJotir.  BM.  Ciem,,  )3,  317,  191$. 
,       ^_ 
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diabetes,  fevers,  and  in  certain  hepatic  diseases  in  which  the  par«{Kii>iiu 
of  the  liver  is  seriously  affected.  Under  other  pathological  conditions 
the  output  may  be  diminished.  These  variations,  however,  in  iiu 
excietioD  of  the  volatile  fatly  acids  possess  very  little  diagn 
value. 

CHi 

PARALACTIC  ACID,  CH(OH) 

I 
COOH. 

Paralactic  acid  is  supposed  to  pass  into  the  urine  when  the  sq 
of  oxygen  in  the  organism  is  diminished  through  any  cause,  e.j.,  in 
eclampsia,  acute  yellow  atrophy  of  the  liver,  carbon-monoxide  poisoning. 
acute  phosphorus  poisoning,  or  epileptic  attacks.  This  acid  has  »^ 
been  found  in  the  urine  of  healthy  persons  following  the  physical  exerdx 
incident  to  prolonged  marching.  Paralactic  acid  has  been  detccttii  in 
the  urine  of  birds  after  the  removal  of  the  liver.  ITnderhill  reports  tic 
occurrence  of  this  add  in  the  urine  of  a  case  of  pernicious  vomitinj^ 
pregnane)'. 

CHs.C0.NH,CH,.CO0H. 


PHENACETURIC  ACID, 


i 


Phenaccturic  add  occurs  prindpally  in  the  urine  of  hcrbivorvi!  ■ 
animals.  It  may  be  isolated  from  the  urine  of  the  dog  after  feeding 
phenylacetic  add.'  It  is  produced  in  the  organism  through  the^iithnu 
o(  glycocoll  and  phenylacetic  acid.  It  is  doubtful  if  it  occurs  in  nomil 
human  urine  even  after  the  ingestion  of  phenylacetic  add.  It  may  t* 
decomposed  into  its  component  parts  by  boiling  with  dilute  roincnl 
adds.  The  crystalline  form  of  phenaceturic  acid  (small  rhombic  piB 
with  rounded  angles)  resembles  one  form  of  uric  add  crystal. 

HC  =  C-CH  =  CH  COOH 

I     ! 

UROCANIC  ACID,  HN     N 
CH 

This  acid  has  been  found  in  the  urine  of  dogs,  but  not  in  bu 
urine.    It  is  imidazolyl-acrylic  acid.    Hunter'  found  it  among  * 
pancreatic  digestion  products  of  casein.     It  crystallizes  as  sickl 
crystals. 

'  Sherwia:  DiMettacion,  Tubmgen,  iqt$. 
'Huatet:  Jour.  Biol.  Chem.,  ii,  S5".  v^ij. 
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PHOSPHORIZED  COMPODNDS 

Phosphorus  in  organic  combination  has  been  found  In  the  urine 
n  such  bodies  as  glycerophosphoric  acid,  which  may  arise  from  the 
Jecompositton  of  lecithin,  and  phosphocarnic  acid.  It  is  claimed  that 
)n  the  average  about  3.5  per  cent  of  the  total  phosphorus  elimination 
s  in  organic  combination. 


I 


nOMENTS 


There  are  at  least  three  pigments  normally  present  in  human  urine, 
rhese  pigments  arc  ttrochrome,  urobilin,  and  uroerylhrin. 


Prhis 


A.  OROCHROME 


^This  is  the  principal  pigment  of  normal  urine  and  imparL<i  the  char- 
utertstic  yellow  color  to  that  fluid.  It  is  apparently  closely  related  to 
Its  associated  pigment  urobilin  since  the  latter  may  be  readily  converted 
into  urochrome  through  evaporation  of  its  aqueous-ether  solution.  Uro- 
chrome  may  be  obtained  in  the  form  of  a  brown,  amorphous  powder 
which  is  readily  soluble  in  water  and  95  per  cent  alcohol.  It  is  less 
soluble  in  absolute  alcohol,  acetone,  amyl  alcohol  and  acetic  ether,  and 
insoluble  in  benzene,  chlorofonn,  and  ether.  Urochrome  is  said  to  be  a 
nitrogenous  body  (4.2  per  cent  nitrogen),  free  from  iron.  Urochrome 
b  believed  to  be  identical  with  the  yellow  pigment,  laclocbrome,  of 
tnilk  whey,'  The  chromogen  of  urochrome,  i.e.,  urachromogen  is  present 
in  the  urine  in  pulmonary  tuberculosis.  Its  presence  is  said  to  be  of 
prognostic  value  (see  page  453). 

tl  B.  UROBILIN 

I  Urobilin,  which  was  at  one  time  considered  to  be  the  principal  pig- 
ent  of  urine,  in  reality  contributes  little  toward  the  pigmentation  of 
thb  fluid.  It  is  claimed  that  no  urobilin  is  present  in  freshly  voided  nor- 
m*l  urine  but  that  its  precursor,  a  chromogen  called  urobilinogen,  is 
present  and  gives  rise  to  urobilin  upon  decomposition  through  the  in- 
fluence of  light  It  is  claimed  by  some  investigators  that  there  are 
various  forms  of  urobilin,  e.g.,  normal,  febrile,  physiological,  and  patho- 
kt^cal.  Urobilin  is  said  to  be  very  similar  to,  if  not  absolutely  identical 
*ith,  hydrobilirubin  (see  page  222). 

Urobilin  may  be  obtained  as  an  amorphous  powder  which  varies 
*o  color  from  brown  to  reddish-brown,  red  and  reddish-yellow,  dcpend- 
•i^upDQ  the  way  in  which  it  is  prepared.  It  is  easily  soluble  in  ethyl 
alcohol,  amyl  alcohol,  and  chloroform,  and  slightly  soluble  in  ether, 
'Ptlotr  uid  Cno&dge:  Jour.  Biai.  Cktm.,  17,  151,  1914. 


Jk 


400 


PHYSIOLOGICAL   CHEMISTRY 


acetic  ether,  and  in  water.  Its  solutions  show  characteristic  absorption 
bands  (sec  Absorption  Spectra,  Plate  II).  Under  normal  condilioni 
urobilin  is  derived  from  the  bile  pigments  in  the  intestine. 

Urobilin  is  increased  in  most  acute  infectious  diseases  such  as  try- 
sipfias,  malaria,  pneumonia,  and  scarld  Jeter.  It  is  also  increased  in 
appendicitis,  carcinoma  of  the  liver,  catarrhal  icterus,  pernicious  unmia, 
and  in  cases  of  poisoning  by  antifebrin.  untipyriu,  pyridin,  and  poU<- 
siuDi  chlorate.  In  general  it  i.'i  usually  increased  when  blood  destnictioo 
is  excessive  and  in  disturbances  of  the  Uvcr.  It  is  markedly  dccrcawl 
in  phosphorus  poisoning. 

In  liver  disease,  of  any  type,  urobilinogen  occurs  in  the  luine.    lU 
detection  is  the  basis  of  a  specific  test  for  functional  liver  incapacii 


iTntmiml  I 


EXPERIMEKTS 

I.  Atmnoolacal-Einc  Chloride  Test — Render  some  of  the  urine  immiwikail 
by  the  addition  of  unmomum  hydioxide,  and  after  allowing  it  to  stand  a  thoit 
time  filter  off  the  precipitate  of  phosphates  and  add  a  few  drops  of  zinc  chlorida 
solntioQ  to  Uic  filtrate.  Observe  the  producttoo  of  a  greenish  fiooresuoce. 
Examine  the  fluid  by  means  of  the  spectroscope  and  note  the  absorption  band 
which  occupies  much  the  ume  positian  as  the  absolution  band  of  urobilin  to  add 
solution  (see  Absorption  Spectra,  Plate  H). 

3.  Ether -absolute  Alcohol  Test.— Mil  urine  and  pure  ether  in  e^tud  Tohnttti 
and  shake  gently  in  a  separatoiy  funneL  Separate  the  ether  extract,  eraporatail 
to  dryness,  and  dissolve  the  residue  in  2-3  c.c.  of  absolute  alcohol.  Note  At 
greenish  fluorescence.  Examine  the  solution  spectroscopically  and  observe  die 
characteristic  absorption  band  (see  Absorption  Spectra,  Plate  II). 

3.  Ring  Test— Acidify  35  cc  of  urine  with  1-3  drops  of  concentrated  hydro- 
chloric  acid,  add  sc.c.ofchtoroformandahakethemixture.  Separate  the  chloto* 
form,  place  it  in  a  test-tube,  and  add  carefully  3  5  c.c  of  an  alcoholic  sotutJond 
zinc  acetate.  Observe  the  formation  of  a  green  ring  at  the  zone  of  contact  of  ft* 
two  fluids.     If  the  tube  is  shaken  a  fluorescence  may  be  observed. 

4.  Spectroscopic  fixamination.— Acidify  ibe  urine  wilh  hydrochloric  add  aad 
allow  it  to  remiLin  cxjwacd  to  the  itir  for  a  few  mumenU.  By  this  meant  if  aj 
urobilinogen  is  present  it  will  be  irnnsformcd  into  urobilin.  The  urine  m^y  ncv  ^ 
examined  by  means  of  the  spectroscope.  U  urobilin  i»  present  in  the  fluid  t)ic  dn^ 
acteristic  absorption  band  lying  between  b  and  F  will  be  observed  (sec  Ab»ipti«n 
Spectra.  Plate  II).  It  may  be  found  necessary  to  dilute  ibe  urine  with  water  bete* 
a  distinct  absori)tion  band  is  obMrved.  This  test  may  be  modified  by  acidi(yiii{ 
10  c.c,  of  urine  with  hydrochloric  acid  and  sbaluog  it  gently  with  5  cc.  of  inj^ 
alcohol.  'I'he  alcoholic  extract  when  examined  spectroscopically  will  sbo«  ^ 
characteristic  urobOla  absorption  band.  (Note  the  spectroscopic  examinatioa  o 
cxi>criinent  (i)  above) 

5.  Iodine  Test  (Gerhardt).— To  »  c.c  of  urine  add  3-5  cc.  of  chlomfow 
and  shake  well.  Separate  the  chloroform  extract  and  add  lo  it  a  tew  drun"* 
iodine  solution  (I  in  KI).  Render  the  mixlun:  alkaline  with  dilute  seJulias'i 
pot&suum  hydroxide  and  note  the  production  of  a  yellow  or  yellowish-brown  «l* 
The  aofutioa  ordinarily  exhibita  a  pcwi\s.\v  6w>i«cwk».. 
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6.  Alcflbollc-zlnc  Chlorid*  Test  (Winiii^.— To  so  cc.  of  urine  add  ^-5  c.c. 
ql  cblorolorm  and  sbakc  gcnUy.  Separate  tbe  cUorofonn  esttnct  itnd  odd  to  it 
1  drop  of  an  alcoholic  solution  of  zinc  chloride.  Note  llie  lose-ied  color  and  tbe 
ETccniih  fluorescence.  If  the  »ulu(i<>n  is  turbid  it  may  be  rendered  clear  by  the 
iddilion  of  a  few  cubic  ccntimclcre  of  absolute  alcohol. 

V  Tliis  pigment  is  frequently  present  in  small  amovint  in  oormal  urine. 
Tbe  red  color  of  urinary  sediments  is  due  in  great  part  to  the  presence 
of  uroerythrin.  It  is  easily  soluble  in  amyl  alcohol,  slightly  soluble  in 
acetic  ether,  absolute  alcohol,  or  chloroform,  and  nearly  insoluble  in 
water.  Dilute  solutions  of  uroerythrin  arc  pink  in  color  while  concen- 
trated solution.s  are  orange  red  or  bright  red;  none  of  its  solutions  fiuor- 
esce.  Uroerythrin  is  increased  in  amount  after  strenuous  phy^cal  cucr- 
cise,  digestive  disturbances,  fevers,  certain  liver  disorders,  and  in  various 
other  pathological  conditions. 


H  PTOMAINES  AMD  LEUCOMAIItES 

These  toxic  substances  are  said  to  be  present  in  small  amount  in 
normal  urine.  Verj'  little  is  known  definitely,  however,  about  them. 
It  is  claimed  that  five  diilcrcnt  poisons  may  be  detected  in  the  urine, 
and  it  is  further  stated  that  each  of  these  substances  produces  a  spe- 
cific  and  definite  symptom  when  injected  intravenously  into  a  rabbit. 
The  resulting  symptoms  are  narcosis,  salivation,  mydriasis,  paralysis, 
and  convulsions.  The  day  urine  is  principally  narcotic  and  is  1-4  times 
as  toxic  as  the  night  urine  which  is  chiefly  productive  of  convulsions. 

PURINE  BASES 

The  purine  bases  found  in  human  urine  are  adenine,  carnine,  epi- 
»e,  episarkine,  guanine,  xanthine,  heteroianthine,  h>T)oxanthine, 
mthine,  and  i-methybtanthine.  The  main  bulk  of  the  purine 
bate  content  of  the  urine  h  made  up  of  paraxanthine,  heteroxanlhine 
Mid  i-melkyixanthine,  which  arc  derived  for  the  most  part  from  the  caf- 
ieine,  theobromine,  and  theophylline  of  the  food.  The  total  purine 
baje  content  is  made  up  of  the  products  of  two  distinct  forms  of  metabo- 
li&D,  i.«.,  metabolism  of  ingested  nucleins  and  purines  and  nnetaboliitm 
of  tissue  nudcin  material.  Purine  bases  resulting  from  the  first  form  of 
metabolism  are  said  to  be  of  exogenous  origin,  whereas  those  resulting 
from  the  second  form  of  metabolism  arc  said  to  be  of  endogenoKs  origin, 
The  daily  output  of  purine  bases  by  the  urine  is  extremely  small  and 
Varies  greatly  with  the  imiividual  ('  16-60  mg.) .  The  output  is  increased 
^itcr  the  ingestion  ol  iiudein  niaterial  as  well  as  ailti  v\vtim«easift^it- 
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Btruction  of  leucocytes.  A  well-marked  increase  accompanies  le 
Edsali  and  others  have  shown  that  the  output  of  puiine  base 
urine  is  increased  as  a  result  of  X-ray  treatment.  The  purii 
form  a  higher  percentage  of  the  total  purine  excretion  in  the 
the  monkey,  sheep  and  goat  than  in  man. 


EXPERIUENT 


4 


I.  Formation  of  the  SUver  Salts. — Add  an  excess  of  maicncsia  mil 
as  cc  of  urine.  Filter  ofl  ibe  precipitate  and  add  ammonUcal  silTer  t 
to  the  fUtntte.  A  precipitate  composed  of  the  silver  salts  of  the  variod 
baM8  is  produced.  The  purine  bases  may  be  determined  quantilslivel7  ti 
of  Erflfef  and  Schmidt's  method  (see  page  513^,  or  Welker's  method  ' 
515)- 

2.  Inorganic  Physiological  Constituents 


Ammonia 

Next  to  urea,  ammonia  is  the  most  important  of  the  nit 
end-products  of  protein  metabolism.  Ordinarily  about  2.5- 
cent  of  the  total  nitrogen  of  the  urine  is  eliminated  as  ammc 
on  the  average  this  would  be  about  0.7  gram  per  day.  Under' 
conditions  the  ammonia  is  present  in  the  urine  in  the  form 
chloride,  phosphate,  or  sulphate.  This  is  due  to  the  fact  that  cd 
Uons  of  this  sort  are  not  oxidized  in  the  organism  to  form  urea, I 
excreted  as  such.  This  explains  the  increase  in  the  output  as  a^ 
which  foUo\^-s  the  admlnistrution  of  tiie  ammonium  salts  of  the  i 
acids  or  of  the  acids  themselves.  On  the  other  hand,  when  amn 
acetate  and  many  other  ammonium  salts  of  certain  organic  vA 
administered  no  increase  in  the  output  of  ammonia  occurs  since! 
is  oxidized  and  its  nitrogen  ultimately  appears  in  the  urine  S 
.\cid-forming  foods  (see  page  580)  also  increase  the  ammonia  I 
whereas  the  administration  of  alkalies  or  of  base-forming  foods  d( 
the  excretion  of  ammonia 

Experiments^  indicate  that  the  nitrogen  in  food  protein 
part  be  replaced  by  ammonium  salts. 

Copious  water  drinking  increases  the  ammonia  output.  T 
has  been  interpreted  as  indicating  a  stimulation  of  the  gastric  sec 

'  MaRficsli  Riiiture  may  be  ptcp&t«d  m  (nllowt:  DiHolvc  i;5  iraiMof)! 
,150  tEnnu  ol  N'HtCI  in  1400  o.c.  of  di>iilled  w»ier.  Add  700  gram  01  conceBtn 
OH,  mix  vcQ-  thorougbl)'  nnd  prctcrvc  the  mixture  in  a  ^osa-Moppercd  botd< 

'  Ammonincalfilvcr  M^iliiiion  mtiy  br  picpArrd  RCcnrding  10  directiont  given  od 

'  Graft  and  Scblip/er:  ZeU.  physiol.  chat.,  7;,  i,  1911,  upcrimenu  by  Abds 
fame  htirnal. 

'  Wills  ^ad  Hawk:  Jour.  Am.  Cbtm.Soc,  s<>,is*','iW 
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The  acids  formed  during  the  process  of  protein  destruction  within 
the  body  have  an  influence  upon  the  excretion  of  ammonia  similar  to 
ihat  exerted  by  adds  which  have  been  administered.  Therefore  a 
|ntiu)lo{pcal  increase  in  the  output  of  ammonia  is  observed  in  such 
diseases  as  arc  accompanied  by  an  increased  and  imperfect  protein 
metabolism,  and  e^)ecially  in  diabetes,  in  which  disease  acetoacetic 
acid  and  d-ox)'butyrtc  acid  arc  found  in  the  urine  in  combination  with 

r  ammonia. 
Folin  claims  that  a  pronounced  decrease  in  the  extent  of  protein 
metabolism,  as  measured  by  the  total  nitrogen  in  the  urine,  is  frequently 
accompanied  by  a  dccrca.<icd  elimination  of  ammonia.  The  ammonia 
dinunation  is  therefore  probably  determined  by  other  factors  than  the 
latal  protein  catabolism  as  such,  l-'urthermore,  he  believes  that  a 
deoded  decrease  in  the  total  nitrogen  excretion  is  always  accompanied 
byirdotm  increase  in  the  ammonia- nitrogen,  proWded  the  food  is  of  a 
character  yielding  an  alkaline  ash. 

ITie  quantitative  determination  of  ammonia  must  be  made  upon 
tile  fresh  urine,  ^cc  upon  standing  the  normal  urine  wit!  undergo  am- 
moniacal  fermentation  (see  page  362). 


EXPESIUENTS 

{See  Experiment  2  under  Phosphates,  page  408.) 

Sulphates 

Sulphur  in  combination  is  excreted  in  two  forms  in  the  urine:  first, 
Utmucuiiifd ,  loosely  combined  or  neutral  sulphur,  and  second,  as  oxidized 
«  Kid  sulphur.  The  unoxidizcd  or  neutral  sulphur  is  excreted  mainly 
as  a  constituent  of  such  bodies  as  cystine,  c>-3teine,  taurine,  hydrogen 
nlf^de,  ethyl  sulphide,  thiocyanates,  sulphonic  acids,  oxyprt>tcic  acid, 
tlloiyproteic  acid,  and  uroferric  acid.  The  amount  of  neutral  sulphur 
eliminated  is  in  great  measure  independent  of  the  extent  of  protein 
"Iwompoaition  or  of  the  total  sulphur  excretion.  In  this  characteristic 
it  is  somewhat  similar  to  the  excretion  of  creatinine.  The  oxidized 
iolphur  is  eliminated  in  the  form  of  sulphuric  acid,  principally  as  salts  of 
sodium,  potassium,  calcium,  and  magncsutmi ;  a  relatively  small  amount 
wcurs  in  the  form  of  ethereal  sulphuric  acid,  i.e.,  sulphuric  acid  in  com- 
pilation with  such  aromatic  bodies  as  phenol,  indole,  skatolc.  cresol, 
pyracatechol,  and  hydroquinol.  Sulphuric  add  in  combination  with 
^1.  K,  Ca  or  Mg  is  sometimes  termed  inorganic  or  preformed  sulphuric 
«»i,  whereas  the  ethereal  sulphuric  acid  is  sometimes  called  conjugate 
ftlrtwric  acid.    The  greater  part  of  the  sulpbui  is  c\ixDUvahVQ^  ^tv  >Jr«. 
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oxidised  fonn,  but  the  absolute  percentage  of  sulphur  excreted  as  the 
performed,  ethereal  or  loosely  combiaed  type  depends  upon  the  total 
quantity  of  sulphur  present;  ».«.,  there  is  no  definite  ratio  betwees 
the  three  forms  of  sulphur  which  will  apply  under  all  conditions.  Ik 
preformed  sulphuric  add  may  be  precipitated  directly  from  addi&ed 
urine  with  BaCli,  whereas  the  ethereal  sulphuric  add  must  undergo! 
preliminary  boiling  in  the  presence  of  a  mineral  add  before  it  can  be 
so  predpitated. 

The  sulphuric  add  excreted  in  the  urine  arises  prindpally  from 
the  oxidation  of  protein  material  within  the  body;  a  relatively  «inill 
amount  is  due  to  ingested  sulphates.  Unde.r  normal  conditions  about 
3-5  grams  of  sulphuric  acid  (SOj)  are  eliminated  daily,  about  75-95  pei 
cent  of  this  being  in  the  form  of  sulphates.  About  90  per  cent  of  this 
sulphate  excretion  is  in  the  form  of  inorganic  sulphate  and  10  per  cent  t> 
elhtrcal  sulphates.  Since  the  sulphuric  add  content  of  the  urine  hai 
for  the  most  part,  a  protein  origin  and  since  one  of  the  most  impotUat 
constituents  of  the  protein  molecule  b  nitrogen,  it  would  be  reasoniblt 
to  suppose  that  a  fairly  definite  ratio  might  exist  between  the  cxcrttion 
oi  these  two  elements.  However,  when  we  appreciate  that  the  per- 
centage content  of  N  and  S  present  in  different  proteins  is  subject  to 
rather  wide  variations,  the  fixing  of  a  ratio  which  will  express  the  eiad 
relation  existing  between  these  two  elements  as  the}'  appear  in  the  urine 
as  end-products  of  protein  metabolism  is  practically  impossible.  Il 
has  been  suggested  that  the  ratio  5:1  expresses  this  relation  in  a  genenl 
way. 

Pathologically,  the  excretion  of  sulphuric  add  by  the  urine  b  is- 
creased  in  acute  fevers  and  in  all  other  diseases  marked  by  a  stimubttd 
metabolism,  whereas  a  decrease  in  the  sulphuric  add  excretion  isobscrvni 
in  tho»e  diseases  which  are  accumpanied  by  a  loss  of  appetite  and  1 
diroinuthed  metabolic  activity. 


KXPERIMENTS 

I.  Detection  of  Inorganic  Sulphuric  Add.— Place  about  10  c.c.  of  utili*iB> 
test>tube,  acidify  with  acetic  add  and  add  some  barium  chloride  solution'  A 
white  precipitate  of  barium  sulphate  forms. 

3.  DetectJon  of  Ethereal  Sulphtnic  Acid.— Filter  off  the  baiium  talflwtt 
precipitate  formed  in  the  above  experiment,  add  i  c.c.  of  hydrochloric  add  iwl  * 
little  barium  chloride  solution  to  the  fUtrate  and  heat  the  mixtm'e  to  boilins  ^ 
i-a  minutes.  Rote  the  appearance  of  a  turbidity  due  to  the  presence  of  xl- 
I^uric  acid  which  has  been  separated  from  the  ethereal  sulphates  and  has  «*>* 
bined  with  the  barium  of  the  BaCI,  to  form  BaSO,. 

j.  DetectioQ  of  Unoxidized  or  Neutral  Su^bur. — ^Place  about  10  cc.  of  vob» 
in  a  fest-tube,  introduce  a  small  pWc%  <A  zViu.,  &&&  %oS^«nx  b.'^drochlofii 
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Fig.  1)8-— Calctum  Svi.puat£. 
(Unjd  and  WtU.) 


9  cause  R  gentle  evotution  of  hrdrogen,  asd  over  the  mouth  of  the  tube  place  a 
Uer  paper  saturated  with  lead  acetate  solution.  In  a  shon  time  the  portion  of 
he  paper  in  contact  with  the  vapors  within  the  test-tube  becomes  blackened  due 
o  the  formation  of  lead  sulphide.  The  nascent  hydrogen  has  reacted  with  the 
MSet]r  combined  or  neutral  sulphur  to  (arm  hydrogen  sulphide,  and  this  gas  com- 
OC  in  contact  with  the  lead  acetate  paper  has  caused  the  production  of  the  black 
sad  sulphide.  Sulphur  in  the  form  of  Inorganic  or  ethereal  sulphuric  add  does 
lot  respond  to  this  test 

4.  Calcium  Sulphate  Crystals.— Place  to  cc  of  urine  in  a  test-tube,  add  10 
Imps  of  calcium  chloride  solution  and  allow  the  tube  to  stand  until  crystals  form. 
Eiamiae  the  calcium  sulphate  crystals  under 
be  mkroacope  aad  compare  them  with  those 
ifaown  in  Rg.  138. 

y  Chlorides 

Next  to  urea,  the  chlorides  consti- 
tute the  chief  solid  constituent  of  the 
urine.  The  principal  chlorides  found 
Id  the  urine  arc  those  of  sodium,  potas- 
&ium>  anunonium,  and  magncisium,  with 
sodium  chloride  predominating.    The 

excretion  of  chloride  is  dcpcniJcnt,  in  great  part,  upon  the  nature  of  the 
diet,  but  on  the  average  the  daily  output  is  about  10-15  grams,  expressed 
as  sodium  chloride.  Copious  water  drinking  increases  the  output  of 
chlorides  considerably.  Because  of  their  solubility,  chlorides  are  never 
icund  in  the  urinary  sediment. 

H  Since  the  amount  of  chlorides  excreted  in  the  urine  is  due  primarily 
to  the  chloride  content  of  the  food  ingested,  it  follows  that  a  decrease 
in  the  amount  of  ingested  chloride  will  likewise  cause  a  decrease  in  the 
chloride  content  of  the  urine.  In  cases  of  actual  fasting  the  chloride 
content  of  the  urine  may  be  decreased  to  a  slight  trace  which  is  derived 
from  the  body  fluids  and  tissues.  Under  these  conditions,  however, 
as  exuninatiun  of  the  blood  of  the  fasting  subject  will  show  the  per- 
<XDtage  of  chlorides  in  this  fluid  to  be  approximately  normal.  This 
fcrms  a  very  striking  example  of  the  care  nature  takes  to  maintain  the 
normal  composition  of  the  blood.  There  is  a  limit  to  the  power  of  the 
body  to  maintain  this  equilibrium,  however,  and  if  the  fasting  organism 
be  subjected  to  the  influence  of  diuretics  for  a  rime,  a  pmint  is  reached 
^'here  the  normal  composition  of  the  blood  can  no  longer  bi;  maintained 
^d  a  gradual  decrca.se  in  itschloridecontent  occurs  which  I'inally  results 
hi  death.  Death  is  supposed  to  result  not  so  much  because  of  a  lack  of 
chlorine  as  from  a  deficiency  oj  sodium.  'I'his  i^  shown  from  the  fact  that 
potassium  chloride,  ior  instance,  cannot  replace  ttt  W)A\\it&  <A^oxiA.«. 
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of  the  blood  when  the  tatter  is  decreased  in  the  manner  above  sUttd. 
\Men  this  substitution  is  attempted  the  potassium  salt  is  excreted  il 
once  in  the  urine,  and  death  follows  as  above  indicated. 

Pathologically  the  excretion  of  chlorides  may  be  decreased  to  sonx 
fevers,  chronic  nephritis,  croupous  pneumonia,  diarrhcea,  certain  stom- 
ach disorders,  and  iu  acute  articular  rheumatism-  Any  conditioii  »c- 
companicd  by  the  formation  of  an  exudate  (e-g.,  pneumonia)  will  cause 
a  diminished  chloride  output.  In  coovalesccncc  and  with  res 
of  the  exudate  the  chloride  excretion  rises  again. 

EXPERDfENT 

Detection  of  Chlorides  in  nrine. — Place  about  s  c.c,  of  urine  in  a  t«t-Si6 
render  it  acid  wiUi  nitric  acid  and  add  a  few  drops  of  a  solution  of  silver  mirut 
A  white  precipitste,  due  to  the  formation  of  silver  chloride,  is  produced.   Ttu 
precipiMte  is  soluble  in  ammonium  hydroxide. 


I 


Phosphates 

Phosphoric  acid  exists  in  the  urine  in  two  general  forms:  fiist, 
that  in  combination  with  the  alkali  metals,  sodium  and  potassium, 
and  the  radical  ammonium;  second,  that  in  combination  with  Uk 
alkaline  earth  metals,  calcium  and  magnesium.  Phosphates  fonneiJ 
through  a  union  of  phosphoric  acid  with  the  alkali  metals  arc  termed 
atkoiine  phosphates,  or  phosphates  of  the  alkali  metais,  whereas  phoi- 
phates  formed  through  a  union  of  phosphoric  add  with  the  alkiiin* 
earth  mctaJs  are  termed  earthy  phosphates,  or  phosphates  of  the  alUitK 
earth  metals. 

Three  series  of  salts  are  formed  by  phosphoric  acid:  NarML 
M|PO,.'  mono-hydrogen,  UtHPO,,  and  di-hydrogtr.,  MH1PO4.  Thedi- 
hydrogcn  salts  are  acid  in  reaction,  and  it  is  claimed  that  about  6opn 
Cent  of  the  total  phosphate  content  of  the  urine  is  in  the  form  of  ttii 
type  ofsalt,  and  that  the  acidity  of  the  urine  is  due  in  great  part  to 
presence  of  sodium  di-hydrogen  phosphate  (see  page  361).  Hendei 
maintains  that  " determinaUons  of  hydrogen  ionization  in  urine  audi 
behavior  toward  indicators  both  support  the  view  that  in  urine 
exists  a  mixture  of  mono-  and  di-hydrogen  phosphates  of  sodii 
ammonium  and  other  bases." 

In  bones  the  phosphates  occur  principally  in  the  form  of  the 
salts  of  calcium  and  magnesium.    The  mono-hydrogen  salts  ast 
are  alkaline  in  reaction  to  litmus,  and  it  is  to  the  presence  of  di-sodi< 

'  M  m*y  be  occupied  by  any  of  the  alkuli  metal*  or  alkaline  earth  metal*. 
*//«jrfereon:  Am.  Jour.  Pfcysiol,,  ts,  »i7,  njob. 


ydrogen  phosphate,  No^HI'Ui,  that  the  greater  part  of  the  alkalinity 
f  the  saliva  is  due. 

The  excretioa  of  phosphoric  acid  is  extremely  variable,  but  on  the 
veragc  the  total  output  for  24  hours  is  about  2.5  grains,  expressed 
sPtOt-  Ordinarily  the  total  output  is  mainly  in  the  form  of  phosphates 
nd  is  distributed  between  alkaline  phosphates  and  earthy  phosphates 
pproximately  in  the  ratio  2:1.  The  organic  phosphorus  of  the  urine 
unstitutcs  only  i  -4  per  cent  of  the  total  phosphorus  content.  The 
Tester  part  of  this  phosphoric  acid  arises  from  the  ingested  food,  either 
rom  the  preformed  phosphates  or  more  especially  from  the  phosphorus 
n  organic  combination  such  as  we  find  it  in  pliosplw-proleins.  tiudeo- 
'T^eins  and  lecithins;  the  phosphorus-containing  tissues  of  the  body 
Jso  contribute  to  the  total  output  of  this  element.  Alkaline  phosphates 
Dgested  with  the  food  have  a  tendency  to  increase  the  phosphoric  acid 
x>ntent  of  the  urine  to  a  greater  extent  than  the  earthy  phosphates  so 
Dgested.  This  is  due,  in  a  measure,  to  the  fact  that  a  portion  of  the 
larthy  phosphates,  under  certain  conditions,  may  be  precipitated  in  the 
DtC5tinc  and  excreted  in  the  feces;  this  is  especially  to  be  noted  in  the 
lase  of  herbivorous  animaU.  Since  the  extent  to  which  the  phosphates 
kre  absorbed  in  the  intestine  depends  upon  the  form  in  which  they  are 
)reseQt  in  the  food,  under  ordinary  conditions,  there  can  be  no  absolute 
eUtionship  between  the  urinary  output  of  nitrogen  and  phosphorus. 
[f  tiie  diet  is  constant,  however,  from  day  to  day,  thus  allowing  of  the 
)rcparation  of  both  a  nitrogen  and  a  phosphorus  bal.ance,'  a  definite 
alio  may  be  established.  In  experiments  upon  dogs  which  were  fed 
10  exdustve  meat  diet,  the  ratio  of  nitrogen  to  phosphorus,  in  the  urine 
ind  feces,  was  found  to  be  8.1 :  i. 

It  has  been  demonstrated  by  recent  investigation  that  the  ingestion  of 
Morganic  phosphorus  compounds  may  give  rise  to  organic  phosphorus 
impounds  such  as  lecithin,  phosphatides,  nucleoproteins  and  phospho- 
jrotcins.  This  is  an  instance  of  an  organic  substance  synthesized  from 
in  inorganic  substance.  The  experiments  have  been  made  principally 
m  ducks*  and  hens.^ 

Pathologically  the  excretion  of  phosphoric  add  is  increased  in  such 
Avases  of  the  bones  as  diHusc  pcriostosis,  osteomalacia,  and  rickets; 
^nding  to  some  investigators,  in  the  early  stages  of  pulmonary  tuber- 
culosis, in  acute  yellow  atrophy  of  the  liver,  in  diseases  which  are  ac- 
companied by  an  extensive  decomposition  of  nervous  tissue,  and  after 

'  In  RKt*boU»m  eiperimcoU,  a  stalcmi'nt  tbowint;  [he  idation  (Lxisting  between  the 
oilngeB  content  of  the  food  on  the  one  hand  and  that  of  the  urine  and  fccc*  on  the  other. 
lMtdtfiliitep«riod,  i>  termed  >  ni'mfK  Manceai  a  "balance  of  the  income  and  duI^o  of 
nitfenit"  (mc  dialler  oa  MetabolUm). 

'nnaeniBg:  Biockrm.  Zrii.,  .iS,  448,  lO'i. 

*MXol1aia  Mitd  lU^ia:  Jimr.  Shi.  Clt^m.,  11,47  [ProcMdmgk'),  t^i). 
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sleep  induced  by  potassium  bromide  or  chloral  hydrate  (Mendel).  It 
U  also  increased  after  copious  water  drinking.  A  decrease  is  the 
excretion  of  phosphates  is  at  times  noted  in  febrile  affections,  sudi  ts 
the  acute  infectious  diseases,  in  pregnancj-,  in  the  period  during  wbiti 
the  fetal  bones  are  forming,  and  in  diseases  of  the  kidneys,  becatue  of 
non-elimination. 

The  so-called  "phosphaturias"  many  times  represent  deoused 
acidity  and  not  increased  phosphate  content  of  the  urine.  Such  coO' 
dttions  are,  however,  significant  as  indicating  a  possible  tendency  totlv 
formation  of  phospbatic  calculi. 

Experiments 

I.  Formation  of  "Triple  PhoRphate."— Plac«  some  urine  in  a  b«Kkei,  nai 
it  alkatinc  with  ammooium  hydroxide,  add  a  smftll  amount  of  magoesiviii  nl- 
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Fio.  iJ9,--"T«inE  PROsraATE."    lOfJn.) 

fihale  solution  and  allow  the  beaker  to  stand  in  a  cool  place  over  night, 
of  ammonium  roagnesium  phosphate,  "triple  phosphate,"  form  under  thna 
ditions.     Examine  the  cryEtalline  sediment  under  the  microscope  and  conp*'' 
the  forms  of  the  OTStals  with  those  shown  in  Fig.  139,  above. 

a.  Ammoniacal  Fermentation.— Stand  tome  urine  aside  in  a  beakn  '"^ 
aemal  days.  Ammoniacal  fermentatioD  will  develop  and  "triple  phocpbitc" 
ctystals  will  form. 

(a)  Examine  the  sediment  under  the  microscope  and  compare  the  crystalivti^ 
those  shown  iu  Fig.  139. 

(b)  Hold  B  glass  rod  dipped  in  concentrated  hydrochloric  acid  oMi 
surface  of  the  urine.     Note  the  fumes  of  ammonium  chloride. 

(c)  Insert  a  strip  of  red  litmus  paper  in  the  urine.  Permit  the  paper  U  liT- 
Kole  the  gradual  restoration  of  red  color,  due  to  volatilization  of  anuiiiiii^ 
(volatile  alkali^    Run  a  control  lest  using  0.5  per  cent  NagCOi  (fixed  ilbli' 

3.  Detection  of  Earthy  Phosphates. — Place  10  c.c.  of  urine  in  a  test-tnbtd"! 
render  it  alkaline  with  ammonium  hydroxide.  Warm  the  mixture  and  nctttw 
MpanttiDn  of  a  precipitate  0I  earthy  ^tios^haUs. 
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MCtioa  of  Alkttline  Phosphates. — Filter  off  the  earthy  phosphates  as 
the  Inst  experiment,  and  add  a  small  amount  of  msgnesia  mixture  (&ee 
to  the  filtrate.  Now  warm  the  mixture  and  observe  the  (ormation  of  a 
ipilate  due  to  the  presence  of  alkabne  phosphates.  Note  the  difference 
I  of  the  precipitates  of  the  two  forms  of  phosphates  from  this  same  vol- 
[iae.  Which  form  of  phosphates  was  present  in  the  larger  amouot, 
■IhiLne? 

IneiiM  upon  Fehting's  Solution. — Place  a  c.c  of  Fehling's  solution  in  a 
dilute  it  with  4  volumes  of  water  and  heat  to  boiling.  Add  a  solutioQ 
dihydrogen  phosphate,  NaHsP04,  a  small  amount  at  a  time,  and  heat 
I  additioiu  What  do  you  obserre?  What  does  this  observation  force 
SClwSe  ncardlng  the  interference  of  phosphates  in  the  testing  of  dia- 
t±3  nwast  of  Febliog's  test? 


Sodium  and  Potassium 


dements  sodium  aad  potassium  arc  always  present  in  the  urine. 
they  are  combined  with  such  acidic  radicals  a-i  CI,  COj,  SOt 
.    The  amount  of  potassitmi,  expressed  as  KjO,  excreted  in 

by  an  adult,  subsisting  upon  a  mixed  diet,  is  on  the  average 
as,  whereas  the  amount  of  sodium,  expressed  as  Na^O,  under 
I  conditions,  is  ordinarily  4-6  grams.  The  ratio  of  K  to  Na  is 
'about3  :$.    The  absolute  quantity  of  these  elements  excreted 

of  course,  in  large  measure  upon  the  nature  of  the  diet.  Be- 
thc  non-ingostion  of  NaCl  and  the  accompanying  destruction 
aum-containing  body  tissues,  the  urine  during  fasting  contains 
tassium  salts  than  sodium  salts. 

^logically  the  output  of  potassium,  in  its  relation  to  sodium, 
increased  during  fever;  following  the  crisk,  however,  the  out- 
bis  element  may  be  decreased.  It  may  also  be  increased  in 
IS  associated  with  addosis. 


k 


Calcttim  and  Magnesium 


greater  part  of  the  calcium  and  magnesium  excreted  in  the 
n  the  form  of  phosphates.     The  daily  output  of  calcium,  which 

principally  upon  the  nature  of  the  diet,  aggregates  on  the 
about  0.1-0.4  gram  (expressed  as  CaO)  per  day.  The  pcr- 
of  calcium  salts  present  in  the  urine  at  any  nne  time  (10-40 

of  total  calcium  output)  forms  no  dependable  index  as  to  the 
m  of  this  class  of  salts,  since  they  are  again  excreted  into  the 

after  absorption.  It  is  therefore  impossible  to  draw  any  satis- 
©nclusions  regarding  the  excretion  of  calcium  unless  we  obtain 

analytical  data  from  both  the  feces  and  th&  utuin. 
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Very  little  is  known  positively  regarding  the  actual  course  oi  i 
excretion  of  the  calcium  under  pathological  conditions.    An  cioesl 
is  found  In  some  diseases  of  the  bones,  e.g.,  ofiteomalacia.    In  otbtt; 
as  in  rickets  the  urinary  excretion  may  be  very  low. 

The  daily  excretion  of  magnesium  by  way  of  the  urine  usually 
amounts  to  between  o.i  and  0.3  gram,  expressed  as  MgO.  The  amount 
depends  mainly  on  the  diet.  About  50  per  cent  or  more  of  the  exctettd 
magnesium  is  usually  eliminated  by  the  kidneys,  the  remainder  ptssn 
out  in  the  feces.  There  may  be  a  retention  of  magnesium  in  certiin 
bone  disorders  accompanying  a  loss  of  calcium;  in  osteomalacis  for 
example.  Thus  the  excretion  of  calcium  and  magnesiuni  do  not  atce>- 
sarily  run  parallel.  _ 

Carbonates  1 

Carbonates  generally  occur  in  small  amount  in  the  urine  of  mtn 
and  carnivora  under  normal  conditions,  whereas  much  larger  qtuati- 
ties  are  ordinarily  present  in  the  urine  of  herblvora.  The  alkaline 
reaction  of  the  urine  of  herblvora  is  dependable  in  great  measure  upon 
the  presence  of  carbonates.  In  general  a  urine  containing  carbonites 
in  appreciable  amount  is  turbid  when  passed  or  becomes  so  shortly 
after.  These  bodies  ordinarily  occur  as  alkali  or  alkaline  earth  com- 
pounds and  the  turbid  character  of  urine  containing  them  is  usually 
due  principally  to  the  latter  class  of  substances.  The  carbonatts  of 
the  alkaline  earths  are  often  foimd  in  amorphous  urinary  sediments. 


■i 


Iron 

Iron  is  present  in  small  amount  in  oormal  urine.  It  probably  < 
partly  in  inorganic  and  partly  in  organic  combination.  The  inn  coo-_ 
tained  In  urinary  pigments  or  chromogens  is  in  organic  oombiiutti 
According  to  different  investigators  the  iron  content  of  normal  urine  nH 
probably  not  average  more  than  1-5  mg,  per  day.  After  splcnectoa) 
there  is  an  increased  loss  of  iron  from  the  body  particularly  by  wty  <^_ 
the  feces  (Asher). 

EXPERIUENT 

Detection  of  Itod  in  Urme. — Evaporate  a  convddent  volume  (lo-tj  c-{J  < 
urliic  to  dryness.  Iiicuierale  aiid  dissolve  the  residue  in  a  iew  <lrop«  of  iwn-fl* 
hydrochloric  acid  and  dilute  the  acid  solution  with  $  c.c  of  water.  Di"'*!'''" 
acid  solution  iuto  two  parts  and  make  the  following  tests:  (d)  To  the  first  pvt  i^^ 
a  solution  of  Ammonium  thioc>'Bnntc;  a  red  color  indicates  the  presence  of  i^^ 
(6)  To  the  second  part  of  the  solution  add  a  Lltlc  potassium  ferrocyanide  wlitliofi 
a  predpitale  o(  Prussian  blue  {ottn*  upon  mnAxni. 
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Fluorides,  Nitrates,  SQicatos  and  Hydrogen  Peroxide 

These  substances  are  all  found  in  traces  in  human  urine  under  nor- 
mal conditioos.  Nitrates  are  undoubtedly  introduced  into  the  organ- 
ism in  the  water  and  ingested  food.  The  average  excretion  of  nitrates 
is  about  0.5  gram  per  day,  the  output  being  the  largest  upon  a  vegeta- 
ble diet  and  smallest  upon  a  meat  diet.  Nitrites  are  found  only  in 
urine  which  is  undergoing  decomposition  and  are  fonned  from  nitrates 
in  the  course  of  ammooiacal  fermentation.  Hydrogen  peroxide  has 
been  detected  in  the  urine,  but  its  presence  is  believed  to  possess  no 
pathological  impKjrtance. 


CHAPTER  XXIII 


URntE:  PATHOLOGICAL  CONSTtTDENTS* 


Glucose. 


Proteins 


Serum  albumin. 
Serum  globulin. 

Proteoses. 


Blood 

Pus. 

BUe. 


Peptone. 

Nucleoprotein. 

Fibrin. 

Oxyhemoglobin. 
r  Form  elements, 
1  Pigment. 


Deutero-prote<Be. 
Hetero-proteose. 
"Bence-Jones'  proteio." 


Pigments, 

Acids. 

Creatine.* 

Acetone. 

Acetoacetic  acid. 

^-Hydroxybutyric  acid. 

Conjugate  glycuronates. 

Pentoses. 

Fat, 

Hematoporphyrin. 

Lactose. 

Galactose. 

Fructose. 

Arsenic. 

Mercury. 

Inositol. 

Laiose. 

Melanin. 

Urorosein. 

Nephrorosein. 

Urochromogen. 

Unknown  substances. 

'  See  note  at  the  bottom  of  page  369- 

'Xormal  constituent  of  urine  oi  intanlB  mi4  cVfttatn. 
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GLUCOSE 

Ttaces  of  this  sugar  occur  in  normal  urine.  Iiut  tli<:  amount  is  uot 
adept  to  be  readily  detected  by  the  ordinary  simple  qualitative 
ts.  Tbeie  are  two  distinct  types  of  pallwhiical  glycosuria,  i.e, 
nsitory  glycosuria  and  persistent  glycosuria.  The  transitory  tj-pc 
Ly  follow  the  ingestion  of  an  excess  of  sugar,  causing  the  assimilation 
tit  to  be  exceeded,  or  it  may  accompany  any  one  of  several  disorders 
lich  cause  impairmeDt  of  the  power  of  assimilating  sugar.  In  the 
rsislent  type  large  amounts  of  sugar  are  excreted  daily  in  the  urine 
:  long  periods  of  time,  Under  such  circumstances  a  condition  known 
diabetes  mellitus  exists.  In  this  disorder  the  urine  may  contain  lo 
r  cent  of  glucose  and  the  average  sugar  content  is  3-5  per  cent. 
dinarily,  diabetic  urine  which  contains  a  high  percentage  of  sugar 
ssasts  a  faint  yellow  color,  a  high  specific  gra\~ity,  and  a  volume 
lich  is  above  normal.  Over  100  grams  of  sugar  are  daily  eliminated 
some  severe  cases  of  diabetes  mellitus. 


^ 


Experiments 


The  various  tests  for  glucose  in  the  urine  which  are  embraced  in  the 

erimcnts  given  herewith  arc  based  upon  one  of   the   following 

[>erties  of  this  sugar: 

(x)  Its  power  to  reduce  the  oxides  of  certain  metals  in  alkaline  solution. 

(a)  Its  power  to  rotate  the  plane  of  polarized  light. 

C3)  Its  power  to  form  crystalline  osazones  with  phenylhydrazine. 

C4)  Its  ability  to  ferment  mtk  ordinary  yeast. 

I.  PheDrlhydraiine  Reaction.— Test  the  urine  according  to  one  o(  the  fol- 
(>{ methods:  (■)  To  a  smaU  umount  of  phenylhydrazinc  mixture  (enotigh  to 
he  rounded  portion  of  s  email  test-tube),  fumiBhed  by  the  instructor,'  add 
:-  of  (he  urine,  shake  well,  and  heat  00  a  boiling  water-bath  tot  one-half  t« 
e-quarlers  of  an  hour.  Allow  the  tube  to  cool  slowly  (not  under  the  tap)  and 
Oine  the  crystals  mkroscopically  (Plate  m,  opposite  page  23).  If  the  Bohi- 
iMtlMCOTDC  too  concentrated  in  the  boiling  process  it  will  be  light  red  tn  color 
no  Cfystals  will  separate  until  it  is  diluted  with  water. 

St'cUow  cr)'staUine  bodies  called  osazones  are  formed  from  certain 
xn,  under  these  conditions,  in  genera)  each  individual  sugar  giving 
to  an  osazone  of  a  definite  crystalline  form  which  is  typical  for  that 

It  is  important  to  remember  in  this  connection  that,  of  the  simple 

irs  of  interest  in  physiological  chemistry,  glucose  and  fructose  yield 

same  osazone,  with  phcnylhydrazinc.     Rach  ozazone  has  a  definite 

Thk  mixture  ii  prepared  by  combining  one  part  o(  plienylVkydtuuieAiv4,'ioc^:&on&c«.Tk& 
^un  of  »odium  tveuie,  by  utigAl.     These  are  thorougMy  miKdw'aTOMVkt, 
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melting-point,  and  as  i  further  and  more  accurate  means  of  idenlifiu- 
Uon  it  may  be  rccrystaUizcd  and  identified  by  the  determination  ol  its 
melling-point  and  nitrogen  content.  The  reaction  taking  place  in  the 
formation  of  phenylglucosazone  iK  as  follows: 

CH.OH  CHaOU 


(CHOH)i 
CHOH 

Clac«M 

CHiOH 


+C«HiNH-XH»- 


PbrnrlbydnxiD* 


(CHOH), 
i  -l-CaiA'H-NHi-' 

C=0 

*N-NHCai«-|-C<H^TIj+NH, 

c 

\h 

AoiUnc 


(CHOH), 

+Cai.XH-XHr 
CHOH 
*X-XHC.H,-fH,0 

C 

\h 

CHiOH 
(CHOH), 

C  =  X-NHC,II»+Hi< 


N-NHC,Hi 


C 

\h 


L 


(b)  PUce  5  cc  of  the  orioe  in  a  iest-tub«,  sdd  i  c.c.  <rf  pbraflh; 
ac«tate  solution  fumisbed  by  the  instructor,'  and  heat  on  a  boUinf  witet-biik 
im  onc-hulf  to  three -quarters  of  an  hour.  Allow  the  liquid  to  cool«lowljwf 
examine  the  U7St«ls  microecoplcallr  (Plate  III,  opposite  page  33). 

The  phenylhydrazine  test  has  been  so  modified  by  Cipollina  M  *" 
be  of  use  as  a  rapid  clinical  Ust.  The  directions  for  this  test  are  ^sm 
in  the  next  experiment. 

3.  CIpoDlna's  Test.— I'honiujhly  mtx  4  c.c.  of  urine,  5  drops  of  phcnylbydnsi' 
(the  base)  and  H  c.c.  of  glacLol  acetic  acid  in  a  tc&t-tube.  Heat  the  mixture  for 
about  one  minute  over  a  low  Hame,  shaking  the  tube  conlinuaUy  to  prevent  los"* 
Huid  by  bumping.  Add  4-5  dro[>s  of  poUuiuin  hydroxide  or  Mxlium  bytiioc^ 
<tp.  gr.  1.16),  being  certain  that  the  fluid  in  the  test-tube  rcmaios  acid:  htsi  tk 
mixture  again  (or  a  moment  and  [hen  cool  the  contents  o(  the  tube.  OrdiiuJilT 
the  ciysialE  (oim  at  once,  especially  if  the  urine  possesses  a  low  specific  gr*'^'^ 
If  they  do  not  appear  immediately  allow  tbe  tube  to  ,tand  at  least  >o  minute,  bcfOK 
deciding  upon  the  absence  of  sugar. 

Examine  the  crystals  under  the  microscope  and  compare  them  with  tfaoK  ito" 
in  Plate  III,  opposite  page  sa. 

3.  Riegln's  ReactioD.* — Introduce  o.i  gram  of  pheDylhydraiiDe-hydioclibnii< 
and  0.35  gram  of  sodium  acetate  into  a  test-tube,  add  2<i  drops  of  the  udnr  00^ 

'Tliii  solution  is  prepared  by  mixinic  one  pan  by  kJhuw.  in  each  csMof  (iKblu''^ 
add.  one  part  of  water  and  t«o  pans  of  pbcnyUiydruinc  ilat  base). 
'Rifgkr:  Cemfl.  rend.  toe.  fciol.,  t)t),  p.  in%. 


URINE 


4»S 


>n,  and  beat  the  mixture  to  boiling.  Now  intioduce  lO  c.c.  of  a  3  per 
OD  of  potassium  hydroxide  and  Kcotly  shake  the  tube  nnd  contents.  If 
under  examination  contains  glucose  the  liqiu'd  in  the  tube  wiU  assume  a 
One  per  cent  glucose  yield.n  an  immediale  color  whereas  0.05  per  cent 
coloi  only  after  the  lapse  of  a  period  of  one-half  hour  from  the  time  the 
Med.  If  the  color  uppesr*  after  the  30-minvite  interval  the  color  change 
significance  inasmuch  as  sugar-free  urines  will  respond  thus.  The  rcac- 
eo  by  all  aldehydes  and  therefore  the  teat  cannot  be  safely  employed  Id 
in«t  prewTVcd  by  fonnoldcbyde.     Albunrtin  docs  not  interfere  with  the 


tu's  Test.' — ^To  8  c.c.  cf  Bottu's  reagent*  in  a  test-tube  add  i  c.c.  of  the 
rr  examination  and  mil  the  liquids  by  gentle  shaking.  Now  be^t  the 
:lon  of  the  mixture  to  boUiug,  add  itn  additional  i  c.c.  of  uriue  and  heat 
re  again  immediately.  The  appearance  of  a  blue  color  accompanied  by 
itatlon  of  amaU  particles  of  indigo  blue  indicates  the  piescnce  of  glucose 
le  under  examination.  The  test  will  jierve  l«  cletcct  ihe  presence  of  o.i 
f  glucose  and  is  uninfluenced  by  creatinine  or  by  ammonium  salts. 

tductitm  Tests. — To  their  aldehyde  or  ketone  structure  many 
Fe  the  property  of  readily  reducing  the  alkaline  solutions  of  the 
metals  like  copper,  bismuth,  and  mercury;  they  also  possess 
erty  of  reducing  ammoiuacal  silver  solutions  with  the  separa- 
etallic  silver.  Upon  this  property  of  reduction  the  most  widely 
I  for  sugars  are  based.  When  whitish-blue  cupric  hydroxide  in 
ID  in  an  alkaline  liquid  is  heated  it  is  converted  into  insoluble 
)ric  oxide,  but  if  a  reducing  agent  like  certain  sugars  be  present 
c  hydroxide  is  reduced  to  insoluble  yellow  cuprous  hydroxide, 
turn  on  further  heating  may  be  converted  into  brownish-red  or 
>us  oxide.     These  charges  are  indicated  as  follows: 


Cuc^ie  bydnxlde 
Ivthitiih-blue). 


Cu  =  0  +  HjO. 

rlc  eiiil 
.iKk). 


Cupric  eiiilg 


.  aCu-OH+HsO+0. 

CuuniuR  hydroxide 


Cvmfil.  rfid.  sac.  bM.,  66,  p,  <);i. 
ageot  coouiot  J.5  eram*  of  "-nilt"pli(nylprop\o\ic  m\4  »5»4  S  c.t.  tA  *  \'W«&.'J 
per  (tnt  tolutioa  oi  »o<Jium  hydraxide  pci  liter 
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Cu 

Cu— OH 

\ 

1 

0+H,0. 

Cu-OH 

/ 

Cu 

Cupr«iu  hydroxid*      CapraiM  ooi» 
[yetlow).                ibrowoUb-nti. 

The  chemical  equationa  here  discussed  are  exemplified  in  Trommer's 
and  Fehling's  tests. 

(a)  rnwMiMr'f  Tai. — ^To  5  ex.  of  urine  id  a  test-tube  add  one-faaU  tts  ixtlumt 
of  KOH  or  NaOII.  Mix  thocouKhly  sad  sdd,  drop  by  drop,  nxitatiog  after  tb 
ndditiun  u(  each  drop,  a  vrry  diiuU  solution  of  copper  sulphate.  Continue  the  ii&- 
Uon  tintil  there  is  a  slight  prrmnncnt  prcdpiLatc  of  cupric  hydroxide  and  in  conv- 
quence  life  solullon  te  slightly  turbid.  Heat,  and  the  cupric  hj-dronde  is  rriucd 
to  yellow  cuprout  hydroxide  or  to  hronniKh-rcd  I'upioux  oxide. 

If  the  solutiOD  of  copper  sulphate  U6cd  is  too  strong,  a  smidl  bro«miib-itd  pn- 
cipilate  i>roduoed  in  the  ])re»eiice  of  a  tow  percentage  of  glucose  may  be  Cfltin^ 
masked.  On  the  other  hand,  if  too  little  copper  sulphate  is  uted  n  tight-ccIanJ 
precipitate  formed  by  uric  add  and  purine  bases  may  obscure  the  browiuiiM«i 
predpitatc  of  cuprous  oxide.  The  action  of  KOH  or  NnOII  in  the  prcMnacf  u 
excess  of  sugar  and  Insufficient  copper  will  produce  a  brownish  color.  Pbuxfiaia 
of  the  alkaline  earths  may  also  be  preci]>itnled  in  the  allcaline  solution  ai>d  be  init- 
taken  for  cuprous  hydroxide.    Trommel's  test  is  not  very  satisfactory. 

Salkovski'  has  proposed  a  modi6catiQn  of  the  Tronimer  procedure  whidiln 
claims  is  a  very  accurate  sugar  lesi. 

(b)  Fehling's  Test— To  about  i  c.c.  of  Fehling's  solution*  in  a  tesi-tDbt  tH 
•bout4C.G.  of  water,  and  boil.'  {The  cuprichydroxide  ic  held  in  soIsttoabrAe 
sodfaim  potasshim  tartrate  (Rochelle  salt).]  This  Is  done  to  determine  «4iete 
the  Eohilion  wQ]  of  itself  cause  the  formation  of  a  prcdpittte  of  brownish-itd 
cuprous  oxide.  If  such  a  preciplute  forma,  the  Fehling's  solution  most  not  h 
used.  Add  urine  to  thehot  Fehling's  solution,  a  few  drops  at  a  time,  and  beat  tt* 
mixture  to  boiling  after  each  addition  (never  add  more  urino  than  the  ofi|io>l 
rolnme  of  Fehling's  solution).  The  production  of  yellow  cuprous  hydroxide  K 
brownish-red  cuprous  oude  indicates  that  reduction  has  taken  place.  TIk 
yellow  precipitate  is  more  likely  to  occur  if  the  urine  is  added  rapidly  and  in  hti< 
amount,  whereas  with  a  less  rapid  addition  of  smaller  amounts  of  urine  'bt 
brownisb-red  precipitate  is  generally  formed. 

This  is  a  much  more  satisfactory  test  than  Trommer's,  but  n't* 
this  test  is  not  entirely  reliable  when  used  to  detect  sugar  in  thetimc 

'  SaUowrki:  Ztit.  physiol.  CAem.,  ;?,  164,  lot*. 

■  FtlillnR's  »o1uilon  it  cotnpofcd  of  two  definite  lolulions— a  copp*'  lulpkaUMwa 
and  an  alkalitie  uttiBic  toluUon,  which  may  be  prepared  as  follows; 

Cofptr  sulpkdlt  lolulion  -  34.65  gran»  of  copper  sulphate  diMolred  in  water  and  Wl 
up  lo  500  c.c. 

Aliaiine  latlrale  ialiaiim''ias  grams  of  potassium  hydroxide  and  17J  graMtofKoOWf 
Mil  diisoIvHi  in  water  and  mode  up  lo  ;oo  t-.t.  _  ^ 

Thru  i^olulion^  should  be  pmcivfd  Knnrntcly  in  rubber- stoppered  bottles  and  siM 
in  eqojJ  volume)  when  ueciJcd  for  use.     Ibis  in  done  to  prevent  oelcriofatiott. 

'  More  dilute  Fehlin^Mlulion  ihould  be  uKd  in  ttsllriK  urines  coolauilng!  imaO  ukaX* 
oi  fogu,  la  case  of  urmes  conta'tninft,  a  \i\^  i:ciU(.cr>u&uu»  v^  «uvic  it  may  somctjw^^* 
desf/abJe  to  use  a  larger  volume  o^  FeUiuK  s  wi\M\-w«i.  ^^^^ 
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ttch  bodies  as  conjugate  glycuronalei,  uric  acid,  nucUopToltin,  a  nd  homo- 
mtisic  acid,  when  present  in  sufficient  amount,  may  produce  a  resxUt 
Imilar  to  that  produced  by  sugar.  Phosphates  of  the  alkaline  earths 
lay  be  precipitated  by  the  alkali  of  the  Fehling's  solution  and  in  appear- 
Lncc  may  be  mistaken  for  the  cuprous  hydroxide.  Cupric  hydroxide 
nay  also  be  reduced  to  cuprous  oxide  and  this  in  turn  be  dissolved  by 
rtatimne,  a  normal  urinary  constituent.  This  will  give  the  urine  under 
•xamination  a  gieeniah  tinge  and  may  obscure  the  sugar  reaction  even 
ffhen  a  considerable  amount  of  sugar  ts  present.  According  to  Laird* 
ereo  small  amounts  of  creatinine  will  retard  the  reaction  velocity  of  re* 
dudng  sugars  with  Fehling's  solution. 

Coi^ugate  glycuronates  are  formed  after  the  ingestion  of  such  sub- 
stances as  chloral  hydrate,  camphor,  menthol.  th>-mol,  antipyrin, 
phenol,  etc.  The  chloral  hydrate  is  excreted  in  the  urine  as  Irichior- 
tihylglycuronic  acid,  CjCIjHi.CsIIkO:.  This  compound  reduces  Fehl- 
%'5  solution  and  is  'evorotatory,  whereas  glucose  also  reduces  but  ts 
Butrorotatory.  Therefore  by  means  of  a  polariscopic  test  we  may  dif- 
■rentlate  between  a  "chloral  urine"  and  a  "sugar  urine." 
W  In  testing  urine  preserved  by  cldoro/orm  a  positive  test  may  be  ob- 
Umed  in  the  absence  of  sugar.    This  is  due  to  the  fact  that  the  hot 

kali  produces /iM-iBic  acid  (a  reducing  fatty  acid)  from  the  chloroform. 
Ammonium  salts  also  interfere  with  Fehling's  test.     If  present  in 

cess  the  urine  should  be  made  alkaline  and  boiled  in  order  to  decom- 
the  ammonium  salts. 

(c)  Beocdicl's  Modifications  o(  Fehliog's  Teat — First  Modification.— To  a 
cc  of  Benedict's  solation'  in  a  test-tube  add  6  c.c.  of  distiUed  water  and  7-9 
diops  'not  more)  of  the  urine  imder  ezomination.  Boil  the  mixture  vigorously 
forsbont  15-30  sccondsandpermilitlo  cool  to  room  temperature  spontaneously. 

r  desired  tbi^  process  may  be  repeated,  although  it  is  ordinarily  uimecessaiy.] 
Ri(«T  is  present  in  tlie  solution  a  precipitate  will  form  which  is  often  bluish- 
green  or  green  at  first,  especiaUy  if  the  percentage  of  sugar  is  low,  and  which 
usually  becomes  yellowi&h  upon  standing.  If  the  sugar  present  exceeds  0.06 
per  cent  this  precipitate  generaDy  forms  at  or  below  the  boiling-point,  whereas  if 
Ie«  than  0.06  per  cent  of  sugar  is  present  the  precipitate  forms  more  alowty  and 
gwwnUy  only  after  the  solution  has  cooled.  The  greenish  precipitate  obtained 
with  oilDes  containing  small  amounts  of  sugar  may  be  a  compound  of  copper  with 
Uic  sugar  or  a  compouad  of  some  coikstituent  of  the  urine  with  reduced  copper 

t  Laird:  Jvarn.  P«ik.  and  Rod.,  16,  39S  iqi  1. 

■Benedict'*  modified  FcLliug  solution  (oo&isU  of  two  dcftnlte  eolutions — k  copper 
hate  wluticii  and  tn  alkiiinc  Uitriie  rulution,  wliLch  may  be  pierced  u  icJIows: 
""'  "  T  ttdphalt  loltttim"  i^.t^  grams  of  copper  lulphate  diMtJved  in  water  and  rosdc 

•  ex. 
itJH«  lorHrdtt  i#/iifit?a  —  icc  grams  oC  anhydrous  »odium  carbouic  and  i;j  granaaof 

:  tah  diaolved  in  naler  and  made  up  to  joo  c.c. 

•  solvtioiia  should  lie  ptntntd  aepuately  la  nibbei-^to^ptitAXy&V^Mt  »Jb&  iE!iax,& 
I  Fohme*  wbas  needtd  for  lae.    This  it  done  to  picvral  dtttnot^xSnOa 
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oxide  instead  of  b«ing  a  precipitate  of  cuprous  hydroxide  or  oxide  as  is  the  cts« 
when  the  origliial  F«hling  solution  Is  reduced. 

Benedict  claims  that,  whereas  the  original  FehHng's  test  will  not 
6er\'e  to  delect  sugar  when  present  in  a  concentration  of  less  than  o.i 
per  cent,  that  the  above  modilication  will  serve  to  detect  sugar  vheo 
present  in  as  small  quantity  as  0.015-o.oa  per  cent.  This  claim  hai 
been  corroborated  by  Harrison.'  The  modified  solution  used  io  the 
above  lest  dilTers  from  ihe  original  in  that  100  grams  of  sodium  cat- 
bonate  is  substituted  for  the  135  grams  of  potassium  hydroadc  orii- 
oarily  used,  thus  forming  a  Fehling  solution  which  is  considerably 
less  alkaline  than  the  original.  This  alteration  in  the  composition  of 
the  Fehling  solution  is  o(  advantage  in  the  detection  of  sugar  in  the 
urine  inasmuch  as  the  strong  alkalinity  of  the  ordinary  Fehling  sot 
tion  has  a  tendency',  when  the  reagent  is  boiled  with  a  urine  contaiaiDj 
a  small  amount  of  glucose,  to  decompose  sufhcient  of  the  sugu  lo 
render  ihc  detection  of  the  remaining  portion  exceedingly  difficuU 
by  the  usual  technic.  Benedict  claims  that  for  this  reason  the  mt  <i 
his  modified  itoltttion  permits  the  detection  of  smaller  amounts  of  sugir 
than  does  the  use  of  the  ordinary  Fehling  solution. 

Second  Modiflcatioo.'— Benedict  has  further  modified  his  Eolution  and  I 
succeeded  in  obuining  one  which  does  not  deteriorate  upon  long  >tudill(' 
The  following  is  (he  procedure  for  the  detection  of  glucose  tn  the  urine :  To  S  lc- 
of  the  reagent  in  a  test-tube  add  8  (not  more )  drops  of  the  urine  to  be  euaiiiti 
The  fluid  is  then  boiled  vigorously  for  from  one  to  two  minutes  and  then  allowed 
to  cool  spontaneously.  In  the  presence  of  glucose  the  entire  body  of  the  EohitiiKi 
will  be  filled  with  a  precipitate,  which  may  be  red,  yrllow,  or  green  in  color,  J<- 
pending  upon  the  amount  of  sugar  present.  If  no  glucose  is  present,  the  taiaSxa 
will  either  remain  perfectly  clear,  or  will  ahow  a  very  faint  turbidity,  dut  I 
precipitated  urates. 

Even  very  small  quantities  ot  glucose  in  tirine  (o-i  per  renl' 
yield  predpitales  of  surprising  bulk  with  this  reagent,  and  the  pcsli" 
reaction  for  glucose  is  the  filling  of  the  entire  body  of  the  solution 
with  a  precipitate,  so  that  the  solution  becomes  opaque.     Since  aiM"*' 

'HarriMn:  PImthi.  Jenr.,  87,  746,  1911. 
'Benedict:  Jtm.  Am.  ittd.Ais'n,  57,  iitjj.  1911. 
'Bencdlcl'f  new  »«1ution  has  ihc  foDowiitB  compcwitioo: 

Copper  sulphate ,. 17,3  fm. 

Sodium  cilnitc 1 T  J  o  P"-  i 

Sodium  carbonate  (anhydrous} 100, a  cm. 

DUtilted  vaiur  to looo.o  ex. 

With  the  aid  of  heat  ili»olve  the  codium  citrate  and  carbonate  in  about  600  cc.o(**u'- 
Pour  (thtou^  a  foldcl  iillrr  if  anQCfiAty)  Into  a  it'au  gtadutite  and  make  up  to  ip<^ 
Dinolve  the  copper  sulphate  in  about  100  c.c-  of  water  and  make  up  to  tsoe.c.  PM^ 
caiboaatc-cittate  solution  into  a  large  btakcr  or  camcrnlc  and  add  the  ctippcf  N^" 

tolutioa  sloiily,  with  conMant  itininit.    Iba  iu«.cdiolutian  U  teady  toe  nsc,  aaddaaW 

<ffIenorale  upon  long  standinx- 
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han  color  of  the  prcdpitatc  is  made  the  basis  of  this  test,  It 
applied,  even  for  the  dctccuoa  of  small  quantities  of  glucose, 
ly  in  artifida)  light  as  in  daylight.  Chloroform  docs  not  in- 
/rith  this  test  nor  do  uric  acid  or  creatinine  interfere  to  sudl 
it  as  in  the  case  of  Fchling's  test. 

Haines*  Test — This  b  a  copper  reduction  tcstamilar  in  many 
to  the  Fehling  and  Benedict  reactions.    In  Haines'  solution' 
ric  hydroxide  is  held  in  solution  by  glycerol  instead  of  Rochelle 
n  Fehling's  solution. 

nn  the  test  as  follows :  Introduce  about  sec  of  Haines'  solution'  into  a 
and  heat  to  boiling.  If  no  reduction  occurs  add  6-8  drops  of  th«  urine 
a  bring  to  a  boU.  If  glucose  is  present  an  abundant  yellow  (cuprous 
e)  or  brownisb-red  (cuprous  oxide)  precipitate  Is  thrown  down.  This 
■out  as  delicate  as  Fehling's  test. 

Uen'B  Modification  of  Fehling's  Test.— Tlic  following  procedure  b  recom- 
"From  7  to  8  c.c.  of  the  lample  ol  urine  to  be  texted  is  hcatM)  to  boiling 
,ube,  and,  without  separating  any  precipitate  of  albumin  which  may  be  pro* 
:.c.  of  Uk  solution  of  copper  lulphale  used  (or  preparing  Fehling'n  tolutiou  is 
This  produces  a  precipitate  contuntng  uric  acid,  xanthine,  hypoxanthine, 
ea,  etc  To  render  the  precipitation  complete,  however,  it  is  desirable 
<  the  liquid,  wAen  partially  cooled,  from  i  to  a  c.c.  of  a  sntunitcd  solution  of 
oetate  having  a  feebly  add  reaction  to  litmus.*  Tbc  liquid  is  filtered  and 
tratc,  which  will  have  a  bluish-green  color,  $  c.c.  of  the  alkaline  tartrate 
used  for  pteparing  PehUng'a  solution  is  added,  and  the  liquid  boiled  for 
:oods.  In  the  presence  of  monr  thnn  0.15  per  cent  of  sugar,  separation  of 
Mude  occurs  before  the  boUing-poinl  is  reached;  but  with  smaller  quantities 
yg^^US  place  during  the  cooling  of  the  solution,  which  becomes  greenish, 
|PP|Ddenly  deposics  cupious  oxide  as  a  fine  brownish-red  precipitate." 

ctiric  Oxide  Reduction  Test  (Cramer).' — This  test  depends  on 
action  of  mercuric  oxide  in  a  weakly  alkaline  solution  with  the 
[>n  of  metallic  mercury.  The  degree  of  alkalinity  is  an  impor- 
:tOT,  a.s  the  test  becomes  more  sensitive  but  less  spedhc  the 
the  alkalinity  of  the  reagent. 

'  Oie  test  as  follows : 

luce  3  c.c.  of  Cramer's  "3.5  standard  rcBgenf"  into  a  test-tube  and  heat 
t-  The  reagent  remains  clear  but  becomes  slightly  yellow.  Add  3  c.c. 
ind  beat  the  mixture  to  boiling.    Remove  the  tube  from  the  flame,  and 

cm  MUitloa  may  be  prtpaird  by  dissolvlny  3.U4  erams  of  cuppvr  sulphate  in 
f  mlei  adding  40  c.c  of  giyctinl  and  joo  cc  of  $  per  cent  potawum  hydroxide 

dent  acetic  acid  ihould  he  added  to  the  sodium  ncctatc  lolutloD  to  rpcdei  it  feebly 
mm.  A  Hturaied  tvtuiion  of  todlum  scctaie  keepa  well,  but  weaker  loluiian*  ue 
«nK  miauldy,  and  then  powess  the  power  of  redudns  Fehling**  solution.  Ilcoca 
tial  In  ill  uBcs  of  importance  to  make  a  blsnlc  test  by  adxinc  equal  mfaiures  ^ 
iphate  sulutjun,  sikalbe  larrratc  solution  and  water,  adding  a  uttle  lodium  acetate 
uid  beating  th«  miilurp  lo  IjoUing. 
vx:  Bifidi.  Jtnir.,  p,  t$6,  rjij. 
Ihaptar  It.  page  ss. 
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after  30  Mcoods  addify  with  a  few  drops  of  ac«tiG  acid.  Hold  th«  tvba  ovic 
ordinary  print.  If  the  urine  is  nonnal,  a  slight  but  distinct  turbidity  remaiai 
but  thr  print  is  clearly  readable.  If  sugar  is  present  in  the  urioe  mbore  Ah  bm- 
nal  coucentratioD.  the  contents  of  the  tube  darken  and  on  standing  a  flneljr  it- 
Tided  precipitate  of  mercury  setllea  to  the  bottom  of  the  tube.  The  anxnnt  o( 
the  precipitate  depends  upon  the  conceotratioD  of  reducing  sugar  in  the  utfau. 

It  is  cljumed  that  this  l«st  is  free  from  fallacies  inherent  in  Fehling'} 
test  as  tlic  result  of  the  reducing  action  of  uric  add  and  creatinine 
The  test  is  said  to  be  more  sensitive  than  Fchling's  test  or  the  bismtith 
reduction  tests,  and  is  particularly  suitable  for  the  examination  a 
urines  in  which  the  amount  of  sugar  present  e.<cceeds  the  normal  omousi 
only  slightly. 

If  the  reagent  be  made  more  alkaline  than  indicated,  it  ceases  to  be 
specific  for  reducing  sugars.  ^J 

(f)  Bismuth  Reduction  Test  >;Boettger). — To  5  c.c.  of  urine  in  a  tc&t'tuVuli! 
I  c.c.  of  KOH  or  NaOH  aiid  a  very  stn^  unount  of  bismuth  subnitratc,  asd  boi 
The  solution  will  giadually  darken  and  finally  assume  a  block  cok>r  due  to  reduceJ 
bismuth.  If  the  te&t  is  made  with  urine  conlalnlDg  albumin  this  must  be  ronavel 
by  boiling  And  filtering,  before  appK-injit  hi:  [»l,  uncc  wich.ilhuminBsinularchuilt 
of  color  U  produced  (bismuth  sulphidi:), 

(g)  Bismuth  Reduction  Test  (Hy lander) .—To  5  c.c.  of  urine  in  a  teR-tnt* 
add  one-tenOi  its  volume  of  Nylander's  Teagent'  and  heat  for  fire  miaiHi 
in  a  boiling  water-bath.*  The  mixture  will  darken  it  reducing  angar  is  ftmff- 
and  upon  standing  for  a  few  moments  a  black  color  will  appear. 

This  color  is  due  to  the  precipitation  of  bismuth.  If  the  lest  ii 
made  on  urine  containing  albumin  thii  must  be  removed,  by  boOii^ 
and  filtcrmg,  before  applying  the  test,  since  with  albumin  a  limilii 
change  of  color  is  produced.  Glucose  when  present  to  the  extent « 
0.138  per  cent  may  be  easily  detected  by  this  reaction  (Rabe'  claims  tW 
0.01  per  cent  may  be  so  detected).  Uric  add  and  creatinine  nhii 
interfere  with  the  Fchling  test  do  not  interfere  with  the  Nylandat 
reaction.  U  is  daimed  by  Bechold  that  the  bismuth  reduction  le* 
give  a  negative  reaction  with  solutions  containing  sugar  when  mero;"^ 
chloride  or  chloroform  is  present.  Other  observers*  have  faileiJ  U 
verify  the  inhibitory  action  of  the  mercuric  chloride  and  have  ihowo 
that  the  inhibitory  infiuence  of  chloroform  may  be  overcome  by  rtist 

■  Nvlander'»rcmgmti>  prepared  by  digesting  s^mt  of  bismuth  *ubmtratc«ad4|i*^ 
of  RocncUeultin  loocx.ol  a  10  per  cent  potatsium  hydroxide  soUitlon.  TbcrMCUi" 
thaa  cooled  and  filtered. 

'HamnuuMen  sun«st*  that  the  solution  be  boUed  for  t-s  minotes  (acco«diii|  MJg 
Migar  content)  over  afree  6nine  and  the  tube  then  permitted  to  stand  ive  n^milM  W"* 
drawing  concludoas. 

'Rabe:  Ap«IM.  Zl[..  ?9.  sst,  1014-  ,  .^ 

'Rcbfasa  and  Hawk;  Joia.  Biol.  Cbsm.,  ■),  i&i,  i<tw,  also  ZddUu:  VpntUU'''^ 
MmPofh.,  N.  F.,  It,  1906. 


'temperature  of  the  urine  to  the  boiling-point  for  a  period  of  five 
lUtes  prc\iou5  to  making  the  test. 

Urines  rich  in  indican,  urotrylkrin,  urochrome  or  ktmatoporpkyrin, 
veil  as  urines  excreted  after  the  ingestion  of  large  amounts  of  certain 
licitml  subsiancts,  may  give  a  diirkening  of  the  Xylander's  reagent 
ilar  to  that  of  a  true  sugar  reaction.     It  is  a  disputed  point  whether 

Ce  after  the  administration  of  urotropin  will  reduce  the  Xylan- 
ent.' 
Stniusz*  has  recently  shown  that  the  urine  of  diabetic*  to  whom 
)thion"  (diiodohydroxypropane)  has  been  administered  will  give  a 
;ative  Nylander's  reaction  and  respond  positively  to  the  Fehling  and 
arizatlon  tcsLi.  "lothion"  also  interferes  with  the  Nylandcr  test 
n'friT  whereas  KI  and  I  do  not. 

According  to  Rustin  and  Otto  the  addition  of  PtCl«  increases  the 
icac>'  of  Xylauder's  reaction.  They  claim  that  this  procedure  causes 
:  sugar  to  be  converted  quantitatively.  No  quantitative  method  has 
I  been  devised,  however,  based  upon  this  principle. 

A  positi%'e  bismuth  reduction  test  is  probably  due  to  the  following 
tctions: 

)  Bi(OH),(NO)j+KOH-*Bi(OH),+KNO,. 

1  2Bi(0H)r— 30--Bi,+.lH,0. 

Bohmansson,*  before  testing  the  urine  under  examination  treats  it 
occ.)  with  H  volume  of  35  per  cent  hydrochloric  acid  and  '^  volume 
[boneblack.  This  mixture  is  shaken  one  minute,  then  tiltcred, 
athc  neutralized  filtrate  tested  by  Xylander's  reaction.  Bohm.'inssoa 
iims  that  this  procedure  removes  certain  interfering  substances, 
>tably  urochrome. 

FenDftDUtioo  T«st.^Rub  up  in  a  mortar  about  15  c.c.  of  the  urine  with  a 
^ece  of  compressed  yeast.  Transfer  the  mixture  to  a  sacdiarometer 
'£■  3i  P*Se  31)  and  fttand  it  aside  in  a  wann  place  for  about  12  hours.  If  glu- 
le  is  present,  alcoholic  fennentatioD  will  occur  and  carbon  dioxide  will  collect 
t  fas  in  the  upper  portion  of  the  tube.  On  the  completion  of  fermentation, 
nduce.  by  mesas  of  a  bent  pipette,  a  little  KOH  Eoiution  into  the  graduated 
ra'on,  place  Ihe  thumb  tightly  over  the  opening  in  the  apparatus  and  invert  th« 
:ch«Tomeler.  Remembering  that  KOH  has  the  power  to  absorb  COi  how 
fou  explain  the  result?' 

J.  Polariocopic  Examination.— For  directions  as  to  the  use  of  the  polariscope 
Chapter  II. 
bl:  Arcihtt  »f  Ptdi^iks,  i^,  »7s,  :907;  also  Weitbrccht:  SdMit.  Wed.,  47,  577, 

Btraau:  UHntM.  mtJ.  K'vch.,  ;q,  9;,  iqd. 
"lohwanwon:  Bietietn.  ZiH.,  19.  p,  181. 

^Sadings  of  Neubng  and  nKxiatn  indicnie  llisl  ihc  librration  of  carbon  dioxide 
( not  iiK(«Mrily  a  criTtrion  of  llie  pr<s«nct  of  suitar.     Tbe  prueocc  o(  &n  ini-jnA 
kozy^aM  haabeendcmoDiitnitedin^-aait  which  hat  ihcyowci  (A  «^\\v.<vct%iA  ^^^ 
Tarboxyl  f^up  of  Amino-  md  other  aliphatic  acidi.. 
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PROTEINS  ^^ 

Xormal  urine  contains  a  trace  of  protein  material,  but  the  amouni 
present  is  so  slight  as  to  escape  detection  by  any  of  the  simple  tests  in 
general  use  for  the  detection  of  protein  urinary  constituents.  Tlie 
following  are  the  more  important  forms  of  protein  material  which  haw 
been  delected  in  the  uriuc  under  pathological  conditions: 

(i)  Serum  albumin. 

(3)  Scrum  globulin. 
B  Deutero-proteose. 

^m  {3)  Proteoses     ■    Hctcro-protcosc. 

^1  "  Bence- Jones'  protein." 

H  (4)  Peptone. 

H  (5)  Nucleoprotein. 

B  (6)  Fibrin. 

B  (7)  Oxyhemoglobin. 

B  ALBDum 

Normal  urine  contains  a  trace  of  albumin  which  is  too  slight  to  be 
detected  by  the  usual  procedures. 

AlbumtHuria  h  a  condition  in  which  scrum  albumin  or  scrum  glotmlia 
a|^>ears  in  the  urine.  There  arc  two  distinct  forms  of  albuminuria, it. 
renal  .tlbuminuria  and  accidental  albuminuria.  Sometimes  the  tmai 
"true"  albuminuria  and  "'false"  albuminuria  are  substituted  for th«( 
just  given.  In  the  renal  type  the  albumin  is  excreted  by  the  kidtieji- 
This  i*  the  more  serious  form  of  the  malad  j'  and  at  the  same  time  is  more 
frequently  encountered  than  the  accidental  type.  Among  the  causaof 
rerul  albuminuria  arc  altered  blood  pressure  in  the  kidne>'S,  altcrol 
kidney  structure,  or  changes  in  the  composition  of  the  blood  cnlerinj 
the  kidneys,  thus  allowing  the  albumin  to  diGfusc  more  readily.  In  the 
accidental  form  of  albuminuria  the  :dbumin  is  not  excreted  by  tie 
kidneys  as  is  the  case  in  the  renal  form  of  the  disorder,  but  arise*  froni 
the  blood,  lymph,  or  some  aibumin-contairung  exudate  coming  \bX!) 
contact  with  the  urine  at  some  point  below  the  kidneys.  It  ha^  been 
suggested'  Ihitl  albuminurias  may  be  classed  as  pre-renat,  renal  »ii 
past-renal.  The  prc-rcnal  type  is  illustrated  by  the  albuminuria  « 
heart  disease,  whereas  the  posl-rciial  form  corresponds  to  what  we  have 
called  "accidental"  albuminuria. 

The  determination  of  albumin  may  be  of  assistance  in  followiiig  tht 
course  of  kidney  disturbances,  but  the  results  can  only  be  interprttw 
in  the  light  of  other  clinical  findings. 
'  If  race:  Lanctt,  Mny  6,  lyn.p.  isos. 
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Experiments 
(The  urine  should  be  filtered  before  pcrformiog  these  tests.) 

ttric  Acid  RingTest  (Heller.) — Placesc.c.  of  concentrated  HNOi  in  b  test- 
te,  mclme  the  tube,  and  by  means  of  a  pipette  allow  the  urine  to  flow  slowly 
im  the  $id«.  The  liquids  should  stratify  with  the  formation  of  a  white  looe 
Diecipitated  albumin  ai  the  point  of  juncture. 


k< 


1  the  albumin  is  present  in  very  small  amount  tlie  white  zone  may 
)t  form  until  the  tube  has  been  allowed  to  stand  for  several  minutes, 
the  urine  is  quite  concentrated  a  white  zone,  due  to  uric  acid  or  urates, 
ill  form  upon  treatment  with  nitric  acid  as  indicated.  This  ring  may 
:  easily  differentiated  from  tlie  albumin  ring  by  repeating  the  test 
let  diluting  the  urine  with  3  or  4  volumes  of  water,  whereupon  the 
ig,  if  due  to  uric  acid  or  urates,  will  not  appear.  It  is  ordinarily 
rs&iblc  to  difierentiatc  between  the  albumin  ring  and  the  uric  acid  ring 
thout  diluting  the  urine,  since  the  ring,  when  due  to  uric  acid,  has 
dinarily  a  less  sharply  defined  upper  border,  is  generally  broader  than 
e  albumin  ring  and  frequently  is  situated  in  the  urine  above  the  point 
contact  with  the  nitric  add.  Concentrated  urines  also  occasionally 
hibit  the  formation,  at  the  point  of  contact,  of  a  eryskillitte  ring  with 
ry  sharply  defined  borders.  This  is  urea  nitrate  and  is  ctsily  dis- 
iguishfd  from  (he  "flu0y"  ring  of  albumin.  If  thtrc  is  any  diffi- 
Ity  in  differentiation  a  simple  dilution  of  the  urine  with  water,  as 
■ove  described,  will  remove  the  dilTiculty,  Various  colored  zones,  due 
Aer  to  the  presence  of  indican,  bile  pigments,  or  to  the  oxidation  of 
her  organic  urinary  constituents,  may  form  in  this  test  under  certain 
ndtdons.  These  colored  rings  should  never  be  confounded  with  the 
ide  ring  which  alone  denotes  the  presence  of  albumin. 

After  the  adminisl ration  of  certain  drugs  a  white  precipitate  of 
im  acids  may  form  at  the  point  of  contact  of  the  two  fluids  and  may 
■Use  the  observer  to  draw  wrong  conclusions.  This  ring,  if  composed 
iin  adds,  will  dissolve  in  alcohol,  whereas  the  albumin  ring  will  not 
live  in  this  solvent. 

r'einbcrger  has  shown  that  a  ring  closely  resembling  the  albumin 

is  often  obtained  in  urines  preserved  for  a  considerable  time  by 

ol  when  subjected  to  the  nitric  add  test.     The  ring  is  due  tu  the 

lion  of  nitrosothymol  and  possibly  nilrothymol..    If  the  thymol 

ovcd  from  the  urine  by  extraction  with  petroleum  ether'  previous 

Idir^  nitric  add,  the  ring  dues  not  form. 

An  instrument  called  the  albutnoscope  (horismascope)  has  been  de- 

inplitbcd  rcndQy-  by  Rcnlly  .^t[ilIlIinK  cquni  volumes  nf  (icUotoicn  tvWi  iti&V^^ 
undcf  eiamJiMt Jon /or  AcK  miitaisiia  »  Icit-lubc  bciort  kv^\y\iv»;  v\vt  \.«« . 
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vised  for  use  in  this  test  and  bas  met  with  coniidcrablc  favor._ 
method  of  using  the  albumoscope  is  described  below. 

Use  of  Ihe  Albumoscope. — This  instrument  is  intended  to  fac 
the  making  of  "ring"  tests  such  as  Heller's  and  Roberts'.  In  ma 
a  test  about  s  c.c.  of  the  solution  under  examination  is  first  intro- 
duced into  the  apparatus  through  the  larger  arm  (aee  Fig.  130), 
and  the  reagent  used  in  the  particular  test  is  then  introduced  throogb 
the  capillary  arm  and  allowed  to  Sow  down  underneath  tbe  solatioa 
under  examination.  If  a  reaMinabIc  amount  of  care  is  taken  there  is 
no  possibility  of  mixing  the  two  solutions  and  n  deo- 
nitely  delined  white  "ring"  is  easily  obtained  at  tht 
zone  of  contact. 

2.  nitric  Acid  and  Mat^cNum  Sulpbale  Ring  Tte 
(Roberta).— Place  5  c.c.  of  Roberts'  reagent'  in  >  tw- 
tube,  incline  the  tube,  and  by  means  of  a  pipette  alkn  (bs 
urine  to  Bow  slowly  down  the  side.  The  liquids  tboDld 
stratify  with  the  formation  of  a  while  lone  of  predpiUKd 
albumin  at  the  point  of  juncture. 

This  test  is  a  modification  of  HcUer's  ring  l« 
and  is  rather  more  satisfactory  than  that  test,  sim 
the  colored  rings  never  form  and  the  constquea 
confusion  is  avoided.  The  albumoscope  (secab 
may  also  be  used  in  making  this  test. 
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3.  Spieglei's  Ring  Test — Place  5  cc.  of  Siiiegjer's  reagent*  in  a  teft*UiU,it 
dine  tbc  tube  and.  by  mrans  of  a  fupcttc,  allow  5  c.c.  of  urine,  addificd  iritb»Mac 
acid,  to  flow  i^'/y  down  tbc  side.     A  wlilte  zone  will  format  the  point  of  CODU 
Tliis  is  an  eicefdingly  delicate  lest,  in  fact  too  delicate  for  ordinary  clinical  | 
since  it  serves  to  detect  albumin  when  present  in  tbc  merest  trace  (i  ;  150,00:'  ;  - 
hence  most  normal  urines  will  give  1,  positive  reaction  fur  albumin  nhm  thi^ : 
applied.     Piuieosc  and  peptone  are  also  Btid  to  respond  to  thia  test. 

4.  Coagulatioa  or  Boiling  Test. — (a)  Heat  5  c.c.  of  urine  To  boiling  in  1  tW- 
lobe.  (If  the  urine  is  not  clear  it  should  be  filtered.)  A  precipitate  fommf;i' 
this  point  is  due  either  to  albumin  or  to  phosphates.  Acidify  the  urine  '^i''"'~ 
by  the  addition  of  3-5  drops  of  very  dilute  acetic  acid,  adding  the  add  li 
drop  to  tbe  hot  solution.  If  the  precipitate  is  due  to  phosphates  it  will  disapf^ 
under  these  conditions,  whereas  if  it  is  due  to  albumin  it  will  not  only  ftU  1° 
disappear  but  will  become  more  flocculcnt  in  character,  since  the  reaction  of* 

>  Robert'*  reagent  is  rompotcd  of  t  volume  of  conctnUaled  HNOi  and  j  TotoiM*  °*  * 
saturated  solution  of  M|tS04. 

'Spicgler's  reagent  has  the  following  cuiapotitlon; 


Tartsiic  acid.. 
Mercuric  clilorlile. 
Sodium  chloride.. . 

r.J>wrol 

Distilled  water. , . 


so  gniDli 

40  miM 

SO  gram. 

■00  fraiM. 

\MA  tjiam. 


laid  must  be  xdd  to  lecure  the  compkW  ^vcipitatioa  of  the  aJtmrntn  by  this 
MWgulatiwi  process. 

P  Too  much  add  should  be  avoided  siace  it  niU  cause  the  aJbumio  to 
JO  into  solution.  Certain  resin  acids  may  be  precipitated  by  the 
iod,  but  the  precipitate  due  to  this  cause  may  be  easily  difTerentiated 
from  the  albumin  precipitate  by  reason  of  its  solubility  in  alcohol. 

t(b)  A  modifiaitioa  of  this  test  in  quite  general  use  is  as  follows :  FiU  a  test- 
!  two-thirds  full  of  urine  and  gently  heat  the  upper  half  of  the  fluid  to  boiling, 
being  careful  that  this  fluid  does  not  mix  with  the  lower  half.  A  turbidity  indi- 
cates albumin  or  phosphates.  Acidify  the  urine  slightly  by  the  addition  of  3-5 
t  of  dilute  acetic  acid,  when  the  turbidity,  if  due  to  phosphates,  will  disappear. 
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Nitric  acid  is  often  used  in  place  of  acetic  acid  in  these  tests.     In 
case  nitric  acid  is  used  ordinarily  1-2  drops  is  sufficient. 

B  5.  Acetic  Add  and  Potassium  Feirocyanlde  Test. — T<t  5  fr.c.  of  urine  in  a 
^MMnbc  add  5-10  drops  of  acetic  acid.    Mix  well  and  add  potassium  fcrro- 
Cjolde  drop  by  drop,  until  a  precipitate  forms. 

This  is  a  very  delicate  test.  Schmicdl  claims  that  a  precipitate  of 
Fe(Cn)»KiZn  or  Fc(Cn)BZni  is  formed  when  urines  containing  zinc 
are  subjected  to  this  test  and  that  this  precipitate  resembles  the 
precipitate  secured  with  protein  solutions.  In  the  case  of  human 
urine  a  reaction  was  obtained  when  0000022  gram  of  zinc  per  cubic 
ctDtimetci  was  present.  Schmicdl  further  found  that  the  urine  col- 
Itcted  from  rabbits  housed  in  zinc-lined  cages  possessed  a  zinc  content 
■bich  was  sufficient  to  yield  a  ready  response  to  the  test. 

Proteoses  mav  also  be  detected  by  this  test.    To  differentiate 
amin  from  proteose  perform  the  coagulation  test  (see  page  434). 

fc  Tanret's  Test — To  5  c.c.  of  urine  in  a  teit-tubc  nifil  Tanri;l's  rcigrtit'  drop 
ivp  until  3  turbidity  or  precipitate  forms.  Thi$  is  an  exceedingly  ddicaCe  lest. 
Sonttlmei  the  urine  Is  stratified  upon  the  reagent  as  in  Heller'^  or  K»berls'  ring 
ltd.  According  to  Repiton,  urates  interfere  with  the  delicacy  of  this  test.  Tanrct, 
l*Wver,  claims  that  luatcs  do  not  interfere  inasmuch  m  any  precipitate  due  to 
Btita  may  be  brought  into  lolution  by  he.it,  tthcte.ts  an  albumin  preripiiatc  under 
l^nmc  conditions  will  persist.  Tanrct  further  states  that  mucin  interferes  with 
tiw  delicacy  of  the  tett  and  that  it  ihoutil  therefore  be  removed  from  tiie  urine 
UDdtt examination  by  acidilication  with  acetic  acid  and  filtration  before  testing  for 
•Ibumin.    Thli  lest  abo  serves  to  detect  proteoses. 

7.  Sodium  Chloride  and  Acetic  Acid  Test. — Mix  two  volumes  of  urine  and  one 
wluttic  of  a  saturated  solution  of  sodium  chloride  in  a  tcsl-lube,  acidify  witli  acetic 
Mid,  and  heat  to  boiling.  The  production  of  a  cloudiness  or  the  formation  of  a 
P'rapitatc  indicates  the  presence  of  albumin.     The  resin  acids  may  interfere  here 

'T»arM'»  resi^eni  i%  nrcparcd  m  (o1Ioi«i  Distoire  ■.]sgr>'ni  of  mercuric  chloride  ia 
'i  (X-  of  water,  odd  to  this  lolulion  j.ji  crams  of  palawium  iodide  diuolved  in  ajcc.  of 
*^tcr,  ihen  make  the  total  suluiiun  up  to  60 c.c.  oitn  waltr  andaAdi«c.<;.ti^i^^vA«Qe>^ 
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as  in  the  ordiiur>-  coagulation  test  (psfr  434).  but  tbey  may  be  ca^y  dificre&luid 
from  albuinia  by  means  of  thdr  Kilubilily  in  alcohol. 

GtOBULIN 

Serum  globulin  'a  not  a  coDBtitueat  of  normul  urinv  but  frequenli} 
occurs  in  the  urine  under  pathological  condilions  and  is  ordin.-LTiIy 
associated  with  scrum  albumin.  In  albuminuria  globulin  in  varjic* 
amounts  often  arccimpanies  the  albumin,  and  tbc  clinical  significance 
of  the  two  is  very  similar,  VndiT  certain  conditions  globulin  may  occur 
in  the  urine  unaccompanied  by  albumin. 

Experiments 

Globulin  will  respond  to  all  the  tests  just  outlined  under  Albumin. 
If  it  is  desirable  to  differentiate  between  albumin  and  globuttn  in  ur 
urine  the  following  processes  may  be  employed: 

1.  Saniration  with  Magnesium  Sulphate. —Place  25  cc.  of  neutral  vhnt  in 
a  Broall  beaker  and  add  pulveriied  magnesium  sulphate  in  substance  to  tbe  point 
of  saturation.  If  the  protein  present  is  globuUa  it  will  precipitate  at  tlus  peint 
If  no  precipitate  is  produced  acidify  the  saturated  solution  wiib  acetk  addud 
warm  gently.     Albumin  will  be  predpitaled  if  present 

The  above  procedure  may  be  used  to  separate  globulin  and  albunua 
if  present  in  the  same  urine.  To  do  thi^  liltcr  off  the  globulin  after  it 
has  been  prc-cipiialcd  by  the  magnt-sium  sulphate,  then  acidify  ihecltai 
solution  and  warm  gently  as  directed.  Note  the  formation  of  li* 
albtunin  precipitate. 

2.  Half-saturation  with  Ammonium  Sulphate.— Place  15  cc.  of  neutnl  nriK 
in  a  »niiUi  bciil^ir  mid  .vJd  .-in  rqii.il  vuliimr  nf  a  uituratcd  solution  of  smiiioiuun 
Rutpbatc.  Globulin,  U  present,  will  be  precipitated.  1/  no  precipitate  fonraiW 
ammonium  itiilphAtc  in  subilanee  to  the  jKiint  of  snLuratioo.  If  albumin  b  pmcU 
it  will  be  precipitated  upon  saturation  of  tbc  solution  as  just  indicated.  "Oa 
method  may  stho  be  used  to  separate  globulia  and  albumin  when  they  ooctit  ia  tb 
same  urine. 

Frequently  in  urini;  which  contains  a  large  amount  of  urates  a  precipitiit  <' 
ammonium  unite  m^y  occur  vrhcD  the  .nmmoiiium  Milpbnte  solution  is  adiled  I0 <'*' 
urine.  This  urate  precipitate  should  not  be  confounded  o'ith  the  precipitate  iiK 
to  globulin.  The  two  prcdpitatts  may  bt  diflctenliated  by  mean»  ii(  tbe  f»Ct  li*' 
tbe  urate  precipitate  ordinarily  appears  only  after  the  lapse  of  se\-cral  masV* 
whereas  the  globulin  geuer.tlly  precipitates  at  once. 

PROTEOSE  AND  PEPTONE 

Proteoses,  particularly  deutero-proleose  and  hetero-proteoje,  b*'''* 
frequently  been  found  in  the  urine  under  various  pathological  0™' 
ditJoDs  such  as  <liphtheria,  pneumoma.,  'vn\e«viua,V  ulcer,  carcinflB*  j 
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ids,  osteomalacia,  atrophy  of  the  kidneys,  and  in  sarcomata 

booes  of  the  trunk.    The  presence  of  proteose  in  the  urine  may 

tly  be  demonstrated  in  any  pathological  condition  in  which  there 

irption  of  partially  digested  pus.     "  Bence- Jones'  protein,"  a 

-like  substance,  is  of  interest  in  this  connection  and  its  appear- 

b  the  urine  is  believed  to  be  (A  great  diagnostic  importance  in 

j>f  multiple  myeloma  or  myelogenic  osteosarcoma.     By  some  in- 

ktors  this  protein  is  held  to  be  a  variclyof  hclero-protcose,  whereas 

[daim  that  it  possesses  albumin  characteristics.    The  origin  of 

fc- Jones'  protein"  is  unknown.     Its  origin  has  at  \-arious  times 

pscrtbed  to  the  blood  proteins,  the  bones  or  to  abnormal  metabo- 

tf  protein  material  in  the  body.     It  octurs  in  the  urine  in  about 

cent  of  the  cases  of  multiple  myeloma.     If  its  presence  is  unao- 

bied  by  multiple  myeloma  it  is  nearly  always  associated  with 

disease  of  the  blood-forming  organs  or  of  the   bones.     When 

Jones'  protein"  is  hydrolyzcd  it  is  found  to  contain  all  theamino- 

hich  arc  characteristic  of  typical  proteins. 

tone  certainly  occurs  much  less  frequently  as  a  constituent  of 

,e  than  does  proteose,  in  fact  most  investigators  seriously  ques- 

prcsencc  under  any  conditions.    There  arc  many  instances 

nurta  cited  in  the  early  literature,  but  because  of  the  uncertainty 

C'f  what  really  constituted  a  peptone  it  is  probable  that 
EO-callcd  peptonuria  the  protein  present  was  really 
EXPEBIMENTS 
tic  Precipitatloii  Test  (v.  Aid  or).— Acidify  lo  c.c.  of  mine 
^drochloric  acid,  add  phospholungstic  scid  until  no  more  precipitate  fonas 
fttrifugaie'  the  solution.  Decant  the  superrutant  fiuid,  add  som«  abso- 
Ohol  to  the  precipitate,  and  centrifugate  again.  This  washing  with  alcohol 
Ided  lo  remove  Ihe  urobilin  and  hence  should  be  continued  so  long  as  the 
|ezhtbits  any  coloration  whatever.  Now  suspend  the  precipitate  in  water 
B  potassium  hydroxide  to  bring  it  into  solution.  At  this  point  the  solution 
i  blue  in  color,  in  which  case  decolorization  nay  be  secured  by  gently 
t  Apply  the  biuret  test  to  the  cool  solution.  A  positive  biuret  test  indi- 
be  presence  of  proteoses. 

wiliiig  Test. — .M.-ikc  ihc  ordin.-iry  coaKuUtion  Int  iictording  to  the  di- 
pvcn  under  Albumin,  page  424-  It  do  coagulablc  protein  is  found  allow 
ed  urine  lo  Mand  and  note  the  gradual  ajipearance,  iu  the  coaled  fluid,  of 
]n*dpitalG  of  proteose.  Spicglcr's  reaction  may  also  be  applied  at  thi» 
A  precipitate  indicates  pruteoM:. 

Bclinltc's  Method.—  .^cidiFy  50  c.c.  of  urirc  uiiti  dilute  acetic  acid  and  filter 
piedpitale  o(  nuclcoprotcia  vrliich  may  form.    Now  test  a  (cw  cubic  centi- 

pt  convenient  to  ute  a  crntrifugc  ibc  ptccipifiitc  may  be  bltetcd  ofl  uid  'KW.\t«&«i& 
paper  irllk  ali-oltol. 
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meters  <rf  the  urine  for  cosgulable  proteui,  by  teats  a  and  4  under  Albumin, 
424-5.  If  ooagulable  protcjn  U  present  remove  it  by  coagulntJoD  aad  filUxcim 
before  proceeding.  Introduce  15  c.c.  of  the  urine,  freed  from  coBgulatde  proteit, 
t&to  150  c.c.  of  abaoluie  alcohol  and  allow  It  to  stand  (or  11-34  bourb.  Decaal  tie 
(upcmatant  Suid  and  dissolve  the  precipitate  in  a  imaU  amount  of  bot  water.  No* 
filter  this  solution,  and  after  testing  again  for  Bodeoproteln  with  oery  dUnU  acetic 
acid,  try  the  biuret  test.     IT  this  test  is  positive  tbepretenceof  tvoteose  isindieitei' 

Urobilin  docs  not  ordinarily  intcdere  with  thb  test  since  it  is  almost  taxinif 
dinolved  by  the  absolute  alcohol  when  the  proieoac  Is  precipitated. 

4.  Detection  of  "Bencc-Jones'  Protein." — firat  the  siu^ctcd  uriae  xtq 
gently,  carefully  miUug  ibc  lerapermuri:.  .At  as  low  a  temperature  as  to*d 
turbidity  may  be  observed,  and  as  the  temperature  is  raised  to  about  6eX.  t 
flocculent  picdpiuie  forms  and  clings  to  ibe  sIdc9of  the  test -tube.  If  Ibcnriit 
to  now  acidified  ivry  tiithliy  with  acetic  add  and  the  temperature  further  laixri 
to  ioo*C.  the  precipitate  at  least  partly  disappean;  it  will  return  upon  cooUit 
the  tube. 

This  property  of  precipitating  at  so  low  a  temperature  and  of  dissotving  v.  1 
higher  temperature  is  typical  of  "Bence-Jone»'protein"andinay  beused  todlScfj 
entiate  it  from  all  other  forms  of  protein  material  occurring  in  the  urine. 


NDCLEOPROTBIN 

There  has  been  C0D$icterable  controversy  as  to  the  proper  cl. 
tion  for  the  protein  body  which  forms  the  "nubecula"  of  noimdariot' 
By  different  investigators  it  has  been  called  mncin,  mucoid,  phts^ 
frotein,  nucUoalbumin,  and  nucleoprolnn.  Of  course,  according  to 
the  modern  acceptation  of  the  mcatiin^  of  these  terms  they  cMflotk 
Qaionymous.  Mucin  and  mucoid  are  glycoproteins  and  hence  cesUiu 
no  phosphorus  (see  page  112),  whereas  phosphoproteins  and  nticlto- 
proteins  are  phosphorized  bodies.  It  may  posably  be  that  bothtiest 
forms  of  protein,  i.e.,  the  gljxoprotcin  and  the  phosphoriied  type, 
occur  in  the  urine  under  certain  conditions  (see  page  396).  In  tliii 
connection  wc  will  use  the  term  muUoprolein.  The  pathological  offl- 
ditions  under  which  the  content  of  nucleoprotein  is  increased  indudd 
all  aScctions  of  the  urinary  passages  and  in  particular  pyelitis,  nephritti, 
and  inHammation  of  the  bladder. 

EXPERlME.VrS 

t.  Detection  of  Nucleoprotein.— Place  10  cc.  of  urine  in  a  snuD  btakct, 
dilute  it  with  three  volumes  of  water  to  prevent  precipitation  of  urates,  anda^ 
the  reactioD  vtry  atnuigly  acid  with  acetic  acid.  If  the  urine  bKomM  tntW 
it  ia  an  indication  that  nucleoprotein  is  present. 

*  If  it  is  coaud^red  desirable  to  te»l  for  pv^toue  the  proleoee  may  be  remoi-td  tyntfr 
ration  with  (NIli>iSO|  according  to  the  directions  given  on  p.  iio  and  the  filtiaieMM 
lor  peptone  by  tic  biuret  tni. 
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U  the  urine  under  examination  contains  albumin  the  greater  porticn  of  this 
Hbstuice  should  be  removed  by  boiling  the  urine  before  testing  it  for  the  pres- 

rs  of  nucleoproteln. 
3.  Tannic  Acid  Predpitatum  Test  (OK).— Hiz  35  cc  of  the  uiine  wHb 
n  equal  volume  of  a  saturated  sohitioD  of  sodium  chloride  and  slowly  add 
Jmfai's  reagent  1     In  the  pretence  of  nucleoproteln  ■  voluminous  precipitate 
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BLOOD 


The  pftthological  conditions  in  whicli  blood  occurs  in  the  urine  may 
be  classified  under  the  two  division?  hematuria  and  hemoglobinuria. 
1l  hematuria  we  arc  able  to  detect  not  only  the  hemoglobin  but  the 
fcmiptured  corpuscles  as  well,  whereas  in  hemoglobinuria  the  pig- 
Toent  alone  is  present.  Hematuria  is  brought  about  through  blood 
passing  into  the  urine  because  of  some  lesion  of  the  kidney  or  of  the 
urinary  tract  below  the  kidney.  Hemoglobinuria  is  brought  about 
through  hemoh'sis,  i.e..  the  rupturing  of  the  stroma  of  the  erythrocyte 
and  the  liberation  of  the  facmoglubin.  This  may  occur  in  scurvy, 
t>-phu8.  pyemia,  purpura,  and  in  other  diseases.  It  may  also  occur  as 
the  result  01  a  burn  covering  a  considerable  area  of  the  body,  or  may 
be  brought  about  through  the  action  of  certain  poisons  or  by  the  in- 
ction  of  various  substances  having  the  power  of  dissolving  the 
Ifthrocytcs.  Transfusion  of  blood  may  also  cause  hemoglobinuria. 
Even  in  true  hematuria  the  erythryocytes  may  escape  detection  if 
urine  is  ammoniacal  inasmuch  as  the  cells  disintegrate  under  these 
litions. 

EXPERIUENTS 

r.  Potassitmi  Hydroxide  Test  (Hellerj. — Render  loc.c.  of  urine  strooglyalka- 
'  with  potas^um  hydroxide  solution  and  heat  to  boiling.  Upon  Allowing  the 
iwted  urine  to  stand  a  precipitate  of  phosphates,  colored  red  by  the  contained 
lematin,  is  formed.  It  is  ordinarily  well  to  make  a  "  control "  eiperiment  using 
lonnal  urine,  before  coming  to  a  final  decision. 

L Certain  subEtances,  such  as  cascaia  sagrada,  rhubarb,  santonin,  and  senna, 
■e  the  urine  to  give  a  similar  reaction.  Reactions  due  to  such  substances 
Bay  be  differentiated  from  the  true  blood  reaction  by  the  fact  that  both  the  pre- 
ipitate  and  the  pigment  of  the  former  reaction  disappear  when  treated  with 
icefic  acid,  whereas  if  the  color  i&  due  to  bcmatin  the  acid  will  only  dissolve  the 
bedpitate  of  phosphates  and  leave  the  pigment  undissolved. 
I  3.  Teichmann's  Hemin  Test.— Place  a  small  drop  of  the  suspected  urine  or  a 
pall  amount  of  the  moist  sediment  on  a  microscopic  slide,  add  a  minute  grain 
W  Mdium  chloride  and  carefully  evaporate  to  dryness  over  a  low  flame.  Put  a 
M)ver-glass  io  place,  run  underneath  it  a  drop  of  gtacial  acetic  acid,  and  woim 
[ently  until  the  formation  of  gas  bubbles  is  observed.  Cool  the  preparation, 
ae  under  the  microscope,  and  compare  the  form  of  the  crystals  with  those 
'DJHolve  5  grams  of  tannic  acid  in  afoc.c.of  jopei  centako\ioVti\d%M\«<;^<A>\ 
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repTOduced  in  Figs.  78  knd  79,  page  365.     (See  AUdnson  and  KciUUi'i  nl  I 
Ittppe's  modi6c«tioii8,  page  264.)  I 

3.  HftHcr-Tgichmann  ResctioD. — Produce  the  gugmL-nted  prcci|>ilale  unriiit  I 
to  directions  given  in  Hclier's  test  above.  If  thcK  is  a  copious  prcdpJtaie  cj  (lifr  I 
phfttes  xud  tiul  liltle  pigment  the  phoiphMes  may  be  <liisuh'ei)  by  treataicBtnU  I 
acetic  acid  and  Ihe  residue  ufcl  in  the  foTOUtion  of  the  bemin  CT>-BtAli  acmteJ 
to  directions  in  Expcrimcnl  1,  above.  ■ 

4.  T.  Zeynek  and  Nencki's  Hernia  Teat — To  10  cc.  of  tJie  urine  under  exunM 
lion  add  acetone  until  no  more  precipitate  forms.     Filter  off  the  prcdpiUUlH 
extract  it  with  to  cc.  of  xcetone  rendered  acid  with  t-j  drops  of  hydrochloric  •m' 
Place  a  drop  of  the  resulting  colored  cxttact  on  a  slide,  immcdiateJy  place  s  cam- 
glass  in  position,  aiul  eiamlne  under  the  microscope.    Compare  the  forai  of  ik 
crystals  with  those  ^own  in  Pigs.  7S  and  jq.  page  365.    Hetnin  crj'staU  product 
by  this  manipulation  are  sometimes  very  minute,  thus  rendering  il  difficult  Uh- 
terminc  the  rx.irt  form  "(  the  crystal. 

6.  Guaiac  Test.  -Place  5  cc.  of  tirinc  in  a  test-tube  and  by  meass of  t 
pipette  introduce  a  freshly  prepared  alcoholic  solulion  of  guaiac  (streogth  abet) 
I  :6o)  into  the  fluid  until  a  turbidity  results,  then  add  old  turpentine  or^f^ 
gen  peroxide,  drop  by  drop,  until  a  blue  color  Is  obtained. 

'ITiis  is  a  very  delicate  test  when  properly  performed.  Buckma&ie 
has  suggested  the  use  of  guaiaconic  acid  instead  of  the  solution  oi 
guaiac.  The  test  is  positive  both  before  an<i  after  boiling  the  blood 
for  15-20  seconds.  Pus  does  not  respond  after  boiling.  Old,  partly 
putrefied  pus  gives  the  test  even  without  the  addition  of  hydroges 
peroxide  or  old  turpentine  whereas /r«A  pus  responds  upon  the  addition 
of  hydrogen  peronde.    See  discussion  on  page  358  and  test  on  page  361. 

7.  Scbumm's  Modification  of  the  Gtuuac  Test.— To  about  5  cc  of  urine'  in  1 
test-tube  add  abuut  10  drops  of  a  freshly  prepared  alcoholic  solution  of  guw 
Agitate  the  tube  gently,  add  nbout  to  drop*  of  old  turpentine,  subject  the  tube  to 
a  thorough  shaking,  and  permit  it  to  stand  for  about  »~3  minutes.  A  blue  coloi 
indicates  the  presence  of  blood  in  the  solution  under  examination.  In  caK  tben 
is  not  sufficient  blood  to  yield  a  blue  color  under  these  concUtions,  a  few  cubic  tfliti- 
metcrs  of  alcohol  should  be  added  aud  the  tube  gently  shaken,  whereupon  a  blue 
coloration  will  appear  in  the  upper  alcohol -turpentine  layer. 

A  conlrol  te*t  sitould  always  be  made  using  water  in  place  of  utiM.  In  ^ 
detection  of  very  minute  tracei  of  blood  only  3-5  drops  of  the  guaiac  solution  ihodd 
be  employed. 

5.  Ortho-Totidln  Test  (Ruttan  and  HardJsty).^— To  i  cc  of  a  4  per  otol 
glacial  acetic  add  solution  of  o-totidin'  in  a  test-tube  add  i  cc  of  the  sohRtca 

■  AUtaline  urine  ^ould  be  mode  tlijihUy  add  with  acetic  *cid  as  the  blue  toi-ntM» 
is  vtry  scnncivt  to  oUcnli. 

'KuttanandHardisiy:  Canadion  Utdic^  Aun.  Jmifnal,  Nov.,  i»i  *,  abo  BMtwf* 
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mider  examination  and  i  cc  of  3  per  cent  hydrogen  peroxide.  In  the  presence 
of  blood  a  bluish  color  develops  1  sometimes  rather  slowly)  and  persisU  for  som«- 
time  (several  hours  in  some  instances;. 

This  test  is  said  to  be  as  scnsilive  lor  the  detection  of  occult  blood 
la  feces  and  stomach  contents  as  is  the  benzidine  reaction.  It  is  also 
daimed  to  be  more  satisfactory  for  uriue  than  any  other  blood  test. 
Thi  scetic  acid  solution  may  be  kept  for  one  month  with  no  reduction 
in<telicacy. 

■  9.  Benzidine  Reaction. — This  is  one  of  the  most  delicate  of  the  rcac- 
iWiis  for  the  detection  of  blood.  Different  benzidine  preparations  vary 
greatly  in  their  sensitiveness,  however.  Inasmuch  as  benzidine  solu- 
lioas  change  readily  upon  contact  with  light,  it  is  essential  that  they 
be  kept  in  a  dark  place. 

The  t«st  is  peformed  as  follows:  To  a  saturated  solution  of  benzidine  is 
ikobol  or  glacial  ac«tlc  acid  add  an  equal  volume  ol  3  per  cent  hydrogen  peroxide 
ind  I  cc  of  the  urine  under  examination.  If  the  mixture  is  not  already  acid, 
nder  it  so  with  acetic  acid,  and  note  the  appearance  of  a  blue  color.  A 
ostrol  test  should  be  made  substituting  water  for  the  urine. 

■  Often  when  urines  containing  a  small  amount  of  blood  arc  tested  by 
ms  reaction,  the  mixture  is  rendered  so  turbid  as  to  make  it  difTicult  to 
iedde  as  to  the  presence  of  a  faint  green  color.  Such  urines  should 
«  washed  nith  water  before  the  test  is  applied  to  it.  The  sensitiveness 
f  the  benzidine  reaction  is  greater  when  applied  to  aqueous  solutions 
ban  when  applied  to  the  urine. 

For  a  modilicatJonof  this  test  and  further  discussion  see  Chapter 
[V  on  Blood  and  Lymph. 

9.  Spectroscopic  Examination. — Submit  the  urine  to  a  spectroscopic  examl- 
ktion  according  to  the  directions  given  on  page  296,  looking  especially  for  the 
beorption  bands  of  oxyhemoglobin  and  methemoglobin  (see  Absorption  Spectra, 
Ute  I). 

PUS 

"Pus  may  be  present  in  the  urine  in  inflammatory  affections  of 
arious  tj^ics.  Such  a  condition  is  termed  pyuria.  Albumin  always 
ccompanies  the  pus.  In  catarrh  of  the  bladder  and  in  inflammation 
t  the  urethra  or  of  the  pelvis  of  the  kidnoy  pus  is  particularly  apt  to 
e  present  in  the  urine.  If  a  urine  of  high  pu.'*  concentration  is  voided 
:  may  indicate  the  rupturing  of  an  abscess  in  some  part  of  the  genito- 
rinary  tract.     Pus  may  be  detected  by  one  of  the  procedures  given 

Kt.  MicrMCOpicalDetectionof  Pus.— Thecbatactcnsttcrormclement*ofvu&au 
vaaocyln.     They  mxy  occur  in  very  small  numbei  in  normal  unn«.    tiKMtiK'iBft 
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urine  (ceotrif  ugated  U  necessary)  under  the  mJcroKope.  Any  oonddcrable  muimI 
otfpw  corpuscles  indicates  a  patboJogicil  iiTioe.  In  acid  vrine  the  pus  carpindo 
appear  as  round,  coloricss  odb,  composed  of  leiracUve,  granular  prolophra. 
Sometimes  ihey  may  exhibit  amceboid  mos-ementt,  particularly  if  the  ilide  coiitu\- 
ins  tbcm  be  warmed  slightly.  The}-  are  nucleated  (one  or  more  nuclei),  tlw  ndo 
being  clearly  visible  only  U|)on  treating  Die  celli  with  water,  acetic  add  or  unu 
other  suitable  reagent.  In  atkaline  ttritu  the  pus  corpuscles  are  often  degcnctattd. 
They  may  occur  as  swollen,  iranspareRl  cells,  which  exhibit  no  granular  sirudUK. 
If  the  degeneration  has  proceeded  far  enough  the  nuclei  fade  and  the  ceil  diust^ 
grates  and  only  dibria  remains 

Sometimes  it  is  almost  impossible  to  differentiate  betnYcn  pus  oorpusda  and 
ccftaio  types  of  epithelial  cells.  In  such  a  case  apply  one  of  the  following  dhmiad 
tests. 

3.  Gwuac  Test.— This  tost  is  not  specific  for  pus,  but  is  gireo  by  cetttia 
olh«t  substances  and  panicularly  by  btood  I'see  Cbapier  XV).  Perfonn  the  tot 
at  followB :  Acidify  the  urinr  (if  alkaline  I  with  acetic  bchI.  filter,'  and  add  Use- 
ture  of  guaiac  to  the  sediment  on  the  paper.  If  the  pus  Isold,  and  partly  putrefied 
It  will  give  s  blue  color.  If  no  blue  color  is  secured,  add  old  turpentine,  or  bj- 
drogen  peroxide,  drop  by  drop.  A  blue  color  formed  only  under  these  conditioni 
indicates  fre&li  pus. 

As  a  control  test  boil  some  of  the  urine  (or  sediment)  for  15-30  Gcconds  tnd 
repeat  the  test  Pus  does  not  respond  after  boiling.  In  the  case  of  blood  tbt 
test  is  positive  both  before  and  after  boiling. 

3.  Potassium  Hydroxide  Test  (DonnA). —Separate  the  sediment  from  Hit 
urine  iby  decantation,  filtrstion  or  ccntrifugntion  1 ;  place  a  small  piece  of  soBJ 
potassium  hydroxide  on  the  sediment  and  stir.  If  pus  is  present  (and  patticii- 
larly  if  it  be  fresh  pus  and  not  disintegrated)  the  sediment  will  become  slimy  toi 
tough.  If  the  sediment  is  mucus  it  wilt  mot*  or  less  pass  into  soJution  is  fiu 
concentrated  alkali. 

BILE 

Both  the  pigments  and  the  adds  of  the  bile  may  be  detected  i 
urine  under  certain  pathological  conditions.  Of  the  pigments,  bill 
is  the  oniy  one  which  has  been  posiU\'eIy  identified  in  fresh  urine; 
other  pigments,  when  present,  arc  probably  derived  from  the  bilirabia 
A  tuinc  containing  bile  may  be  ycliowish-grccn  to  brown  in  color  and 
when  shaken  foams  readily.  The  staining  of  the  various  tissues  of  tht 
body  through  the  absorption  of  bile  due  to  occlusion  of  the  bile  duct 
cause  a  condition  known  as  icterus  or  jaundice.  Bile  13  always  present 
in  the  urine  under  such  conditions  imless  the  amount  of  bile  re&cfains 
the  tissues  is  extremely  small. 

EXPEKIUENTS 
Tests  tor  Bile  Pigmeats 

Practically  fill  of  these  tests  for  bile  pigments  are  based 
oxidation  oi  the  pigment  ty  a  variety  of  leagtnis  wilh  the  fonriwn 
'//deitred,  the  urine  may  be  (entnliiRt4»t.4rtwv«*»«*XTa«A.\t'CB*\jsa. 
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da  series  of  colored  derivatives,  e.g.,  UliverdiQ  (greeiO,  bilicyania 
(Warf,  cholctclin  (yellow). 

W  !■  Gmelin's  Test —To  about  5  cc  of  concentrsted  nitric  add  in  a  test-tub* 
aid  la  equal  volume  of  urine  caiefuUy  so  that  the  two  fluids  do  not  mix.  At  the 
P«nt  of  contact  note  the  vviious  colored  rings,  green,  blue,  violet,  red,  and  red- 
dtih^jeDow. 

3.  Rosenbach's  HodificatioD  of  Gmelin's  Test. — Filler  5  cc.  of  urine  through 
a  mall  filter  paper.  Introduce  a  drop  of  concentrated  nitric  add  into  the  cone 
of  the  paper  and  observe  Uie  succession  of  colors  as  given  in  Gmclin's  test. 

}.  Hakayama's Reaction. — To  5  cc.  o(  urine  in  a  teti-tubt^  udd  an  equal  volume 
of  1 10  per  cent  solution  oE  barium  chloride.  Ccntrifugate  the  mixture,  pour  off 
tbt  supernatant  fluid,  aud  heat  the  predpitatc  with  a  cc.  of  Kakayama's  reagent.* 
la  the  pfCKnce  of  bile  pigments  the  solution  a.<»umcs  a  blue  or  green  color. 

3.  Hupperfs  Reaction. — Thoroughly  shake  equal  volumes  of  urine  and  milk  of 
itise  in  a  test-tube.  The  pigments  unite  with  the  olcium  and  arc  predpitated. 
Tiller  off  the  prcdpitatc,  wash  it  vith  water,  and  transEcr  to  a  small  beaker.  Add 
ikobo)  addlfied  slightly  vrtth  hydrochloric  add  and  warm  upon  a  water-bath  until 
Lbe  lolutioo  bcconHS  colored  an  emerald  green. 

According  to  Stecn&ma,  this  procedure  may  give  negative  results  even  in  the 
Voence  ol  the  pigments,  owing  to  the  fact  that  the  adil-alcohol  is  not  a  suflidently 
itimg  oridixing  agent.  He  therefore  suggests  the  addition  of  a  drop  of  a  0.5  per 
XBt  solution  of  sodiiim  nitrite  to  the  acid-alcuhel  mixture  before  wanning  on  the 
fitcr-bath.    Try  this  modiiicatioQ  aUo. 

4.  Salkowsld's  Test — Render  5  cc.  of  urine  alkaline  with  a  few  <lrops  of  a  to 
XI  cent  sodium  carbonate  solution  and  add  a  10  per  cent  solution  of  caldum 
:lilcride,  drop  by  drop,  until  the  supernatant  fluid  exhibits  the  normal  urinary  color 
•hen  the  contents  of  the  test -lube  arc  thgroughly  mixed.  Filler  off  Ihc  prccipilatc, 
um)  after  washing  it  place  it  in  a  second  tube  with  95  per  cent  alcohol,  .\cidify  the  . 
llcobol  with  hydrochloric  acid  anil,  if  necessary,  shnkc  the  tube  to  bring  the  pre- 
:>p<latc  into  solution.     Heat  the  solution  to  boiling  and  observe  the  appeuaDOe  of 

I  green  color  which  changes  through  blue  and  violet  to  red;  if  no  bile  ia  present 
the  solution  docs  not  undergo  any  color  change.  This  test  will  frequently  exhibit 
{KttcT  ddicacy  than  Gmelin's  test.  Steensma's  suggestions  mentioned  under 
Ht^pert's  Reaction,  above,  apply  in  connection  with  this  test  also. 

5.  Hammarsteo's  Reaction. — To  about  s  c.c  of  Hamnmrsien's  reagent*  in  a 
null  evaporating  di«h  add  a  few  drops  of  urine.  A  green  color  is  produced.  IX 
more  of  the  reagent  u  now  added  the  play  of  colors  as  noted  in  Gmclin's  test  may 
be  obtained. 

6l  Smith's  Test. — To  3-3  c.c.  of  urine  in  a  test-tube  a4d  autjuUy  about  5  cc 
>f  ifilttte  tincture  of  iodine  (1 :  10)  so  that  the  fluids  do  not  mix.  A  green  ring  is 
ibierml  at  the  point  of  contact. 

7.  Salkowski-Schlppers  Reaction.— Neu inline  ihe  acidity  of  10  c.c,  of  the 
utine  under  exam i nation  with  a  few  drops  of  a  dilute  solution  of  sodium  carbonate, 
Uii  add  5  drops  of  a  3o  per  cent  solution  of  sodium  carbonate  and  10  drops  of  a  ao 

_ '  Picpircd  b>-  comtuniftg  go  c.c.  of  alcohol  and  1  cc.  of  fuming  hydrochloric  add  con- 
tiuuM  4  grams  of  ferric  chloride  pet  liter. 

^  ^'lUnmarsien's  mi;cnt  is  maJe  by  mixing  t  volume  of  15  per  cent  nitric  acid  and  t«t 
^RMi  of  15  per  cent  bydiochloric  add  and  then  adt^ng  \  vo\un«  ol  Vhii  «iA  rnvvvu^ 
•y  vobune*  of  9$  P"  "^'  ^kobol. 
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per  ccDt  solution  of  calcium  chloride.    Filter  qS  the  resultant  precipitate  qMtj 
hanlciiL-rl  filter  puper  aotl  wuh  it  with  water.     Remove  the  pr«d|jiiate  Iv  i  iml 
pOFCeUiii  dish,  add  j  c.c.  of  an  acid-alc<diol  mixture'  and  a  few  drops  of  a  Alt 
itolution  of  MjiliuiD  nitiite  and  heat.    The  production  of  a  greeo  color  iudiata^  J 
prcscnrc  of  hik  pigiwrits. 

8.  Booanno's  Reaction.*— PUoe  s-io  c.c.  of  the  uriiic  under  enniutioibil 
small  porcelain  cvapur;ttinf[  dish  and  add  a  few  dra[M  of  Bonunno's  reagcsL'  t 
bile  is  prewnt  au  cnicrald-greeD  color  will  develop.     Bonaono  say&  the  mttNes  I 
not  interfered  with  by  any  known  norroid  or  palliological  unniiry  coiutitotDL 

T«Bis  for  Bile  Aclda 

I.  Sucrose — HtSO<  Test  (Pettenkofer).— Toscc.of  urineina  lest-tuNiiJ 
5  drops  of  a  3  per  cent  solutian  of  sucrose.  Now  incline  ths  tube,  na  tUU 
2~}  c.c.  of  concentnted  sulphuric  add  carefully  down  the  side  and  doU  <ki 
red  ring  at  the  point  of  contact.  Upon  sUghdy  agitating  the  contentt  e(  tta 
tube  the  whole  souliion  gradually  assumes  a  reddish  color.  As  the  tub*  be- 
comes warm,  it  should  be  cooled  in  lunning  water  in  order  that  the  ecmpn- 
tuie  may  not  rise  above  70°C. 

It  is  daimcrl  that  this  test  is  not  satisfactory  in  the  prewDcetf 
protein  and  cliroinogenic  substances  which  yield  interfering  oAisa 
with  sulphuric  acid. 

3.  Furfural— H jSOi  Test  (Mylius). — To  approximately  5  c.c,  of  urine  m* 
test-tube  add  i  drops  of  a  very  dilute  (i  :  1000)  aqueous  solution  of  furfunl, 
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How  incline  the  tube,  run  about  3-3  cc.  of  concentrated  sulphuric  acid  cacttuUt 
down  the  side  and  note  the  red  ring  as  above.  In  this  case  also,  upon  shakiii( 
the  tube,  the  whole  solution  is  colored  red.  Keep  the  temperature  beiow  70*^ 
as  before. 

3.  Foam  Test  (v.  Ddrinslcy).  To  5  c.c  of  urine  in  a  test-tube  add  3-4  itf!^ 
of  a  very  dilute  (i  :  looot  aqueous  solution  of  furfuraL  Place  the  thumb  over  dit 
top  of  the  tube  and  shake  until  a  thick  foam  is  formed.  By  means  ol  a  auS 
pipette  add  2-3  drops  of  concentrated  sulphuric  acid  to  the  foam  and  obaerve  ft* 
dark  pink  coloration  produced. 

4.  Surface  Tension  Test  (Hay).— This  test  is  based  upon  the  principle  tot 
bile  acids  have  the  property  of  reducing  the  surface  tension  of  fluids  in  wbid 
they  are  contained.  The  test  is  performed  as  follows:  Cool  about  10  cc  of 
urine  in  a  test-tube  to  t7''C.  or  lower,  and  spiinkle  a  little  finely  pulverized  sul- 
phur upon  the  surface  of  the  fluid.    The  presence  of  bile  acids  is  indicated  if  ■!■ 

'  Made  by  addiiiK  ;  cc.  of  cuucenicalcd  hydrorbloric  acid  to  93  c.c  of  06  pcrcitf- 
alcobul. 

•11  Tommmi,  »,  No.  Ji. 

*  TIii»  reajtciil  may  be  piep&icil  t>v  diuoWing  a  grams  of  todium  nitrite  ta  leo  cc-  •!  ^ 
coDwntntcd  hydrochloric  acid. 


ulphur  sinks  to  the  bottom  of  the  liquid,  the  rapidity  with  which  the  sulphur  sloks 
•pending  upon  the  uinount  of  bile  acids  presont  in  the  urino.  The  test  is  said  to 
MCt  with  bile  acids  when  the  latter  are  present  In  the  proportion  i  :ijo,ooo. 
tllen'  has  lecentlj  suggested  the  quantitative  determination  of  bile  acids  by  a 
iufic«  tensioa  m«dwd. 

5.  Heukooini'i  Modification  of  Pettenltofcr'a  Test — To  a  few  drops  of  urine 
■to  evapoming  dish  add  a  trace  of  a  dilute  sucioae  solution  and  one  or  more  drops 
f  dilute  sulphuiii:  add.  Evapornle  on  .1  wnter-hnth  and  observe  the  development 
if  1  (mM  color  At  tlK  edge  of  the  cvAporaling  niixtuic.  Disconiinuc  tltc  cvapora- 
kt  u  soon  as  the  color  Is  observed. 

&  Ptflooe  Te«t  (OBTer).— To  5  e.c.  of  urine  add  a-j  drops  of  acetic  acid, 
Ottriag  if  necessary.  Add  an  equal  volume  of  a  i  per  cent,  solution  of  Witte's 
iqitonc  to  the  ncid  solution.  A  precipitate  is  formed  which  is  insoluble  in  an  excess 
4  tcttic  acid.    This  precipitate  is  a  compound  of  protein  and  bile  adds. 

CH, 
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It  was  formerl)'  very  generally  believed  thai  acelone  appeared  in  the 
nine  tinder  {lathulogical  conititions  because  of  increased  protein  de- 
WnpotitioQ.  It  is  now  generally  thotigfat  that,  in  man,  the  output 
>f  acetone  arises  principally  from  the  breaking  doiftii  of  fatty  tissues 
»r  tatty  foods  within  the  organism.  The  quantity  of  acetone  idimi- 
i3tcct  has  been  shown  to  increase  when  the  subject  is  fed  an  abundance 
if  fat-containing  food  as  well  as  during  fasting,  whereas  a  replace- 
nent  of  the  fat  with  carbohydrates  is  followetl  by  a  marked  decrease 
I  the  acetone  excretion.  If  no  carbohydrate  food  is  fed  the  output  of 
Stone  bodies  increases  at  once,  producing  a  physiological  acidosis 
te  Chapter  XXVII  on  Metabolism). 

Acetone  and  the  closely  related  bodies.  5-hydroxybutyric  acid  and 
Atoacctic  add,  arc  generally  classified  as  the  acetone  bodies.  They 
e  all  associated  with  a  deranged  metabolic  function  and  may  appear 
L  the  urine  together  or  separately,  depending  upon  the  conditions. 
Cetonc  and  diacelic  acid  may  occur  alone  in  tht-  urine  but  ^-hy- 
oxybutyric  arid  is  never  found  except  in  conjunction  with  one  or  the 
her  of  these  bodies.  Act'tone  and  acetoucctic  acid  arise  chiefly 
im  the  oxidation  of  ^-hydroxybutyric  acid.  The  relation  existing 
tween  these  three  bodies  is  shown  in  the  following  equations. 

(a)  CH,.CH(OH).CH5.CO0H+O-.CH,C0.CH,.C00H+H,0. 

a.hydroi)tat)rnc  iiid.  AMIOMCtK  Mid. 

(b)  CH,CO.CH,.COOH-.(CH,),CO+C0i. 

AeoLo*c«l>c  acid'  Ancoafl^ 

^AHcn:  Jottr^  Biol  C^m.,  2»,  $0$,  i^i%. 
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Acetone,  chemically  considered,  is  a  ketone,  di-methyi  keione.  W'nco 
pure  it  is  a  liqtiid  which  possesses  a  characteristic  aromatic  (niit-l 
odor,  boils  at  56-57''C.  and  is  niiscible  with  water,  alcohol,  or  etlw 
{□  all  proportions.  Acetone  is  a  physiological  as  well  as  a  pathoto^ol 
constituent  of  the  urine  and  under  normal  conditions  the  daily  i>ul;Hit 
(preformed  acetone  +  acetoacetic  acid)  is  about  3-15  mg. 

Pathologically,  the  eliminatioQ  of  acetone  is  often  greatly  increased 
and  at  such  times  a  condition  of  acetonuria  is  said  to  exist.  VaJutt 
from  o.o2~6  grams  or  liigfaer  have  been  obtained  for  preformed  aceUiK 
plus  acetone  derived  from  acetoacetic  add.  This  pathological  »» 
tonuria  may  accompany  diabetes  mellitus,  scarlet  fever,  typhud 
fever,  pneumonia,  nephritis,  phosphorus  poisoning,  grave  anemiti 
fasting,  and  a  deranged  digestive  function;  it  also  fre<)uenUy  accom- 
panies auto-intoxication  and  chloroform  and  ether  ancthesia.  Tk 
types  of  acetonuria  most  Irequently  met  with  arc  those  noted  to  febrilt 
conditions  and  in  advanced  cases  of  diabetes  melUtus.  The  Mwd  ia 
diabetic  comas  has  been  found  to  contain  as  high  as  45  mg.  of  totil 
acetone  (acetone  +  acetoacetic  acid)  for  100  cc  of  blood  serum. 


Experiments 


J 


t.  IsoUtion  from  the  Urine. — In  order  to  fnciiiutc  the  detection  of  icttoiKJ 
the  urine,  the  specimen  under  examination  should  be  di&tillcd  and  the  tests  u(t)tt 
bclov,-  applied  to  ihc  r»uUing  dixlillite.  If  it  is  not  convenient  to  dtslO  theniiu^ 
the  tests  may  be  conducted  upon  the  undislillcd  fluid.  To  obtain  an  ■eetoQc  J^ 
tilUte  proceed  iis  follows:  I'lace  100-150  cc.  of  urine  in  a  dlstOlaiion  dadiorrttcct 
and  render  it  acid  with  acetic  acid.  Collect  about  one-third  of  the  original  vohiw 
of  fluid  as  a  distillate,  add  5  drops  of  10  per  cent  hydrochloric  acid  and  rediMi^lwil 
one-half  of  this  volume.     With  this  HdbI  di^tilUtc  conduct  the  te^ls  ui  glveoMp'' 

3.  Gunning's  Iodoform  Test. — To  about  5  cc.  of  the  urine  or  distOMti* 
ft  test-tube  add  a  few  drops  of  Lugol's  solution'  or  ordinary  iodine  soIuSob  dii 
KI)  and  a  few  drops  of  dilute  NH,OH  lo  form  a  black  prccipiUte  (nitrogen  iodide'. 
Allow  the  tube  to  stand  (the  length  of  time  depeodins  upon  the  content  of 
acetone  in  the  fluid  under  examination)  and  note  thetonaatioaofayeDowiabudi- 
ment  consisting  of  iodoform.  Examine  the  sediment  under  the  microiKopt  u^ 
compare  the  form  of  the  crystals  with  those  ahowa  In  Fig.  8,  page  41- 

If  the  crystals  are  not  well  formed  recrystallize  them  from  cthe 
and  examine  again.  The  crystals  of  iodoform  shouM  not  be  confoaedtn 
^■ith  thoscof  calcium  phosphate  (Fig.  105, page  332)  whichmaybefonnoi 

in  this  lest,  particularly  i(  made  upon  the  undislillcd  urine.  This  tfi^ 
is  preferable  to  Liebcn's  test  (4)  since  no  substance  other  than  acclow 
will  produce  iodoform  when  treated  according  to  the  directions  f<f 

'jLiVor^  solution  may  be  prepared  by  diuolviiiK  4]tTaBiiof  iodiBcand6srans(il])M''' 
tiuto  Iodide  in  100  cc.  ol  disiUkd  water. 


litest;  both  alcohol  and  aldehyde  yield  iodoform  when  tested  by  ^^M 

w3Pi  test.  ^^M 

ffi'iuiming's  test  is  rather  satisfactory  for  the  detection  of  acetone,  ^^H 

Bd  has  been  used  with  good  results  even  upon  the  undistilled  urine.  ^^| 

^ttin  material  apparently  interferes  with  the  reaction,  and  when  ^^M 

iment  the  urine  should  be  distilled  and  the  distillate  used.'    In  ^^| 

ome  instances  where  the  amount  of  acetone  present  is  very  small  it  ^^B 

i  necessary  to  allow  the  tube  to  stand  24  hours  before  making  the  ex-  ^^1 

imiDStioQ  for  iodoform  cr>'stals.    This  test  serves  to  detect  acetone  ^^M 

rhen  present  in  the  ratio  i :  too.ooo.  ^^M 

}.  So<tium  NitropruKside  Test  I  Legal).— Introduce  about  5  C.C.  of  the  nrtofl  or  ^^M 

linillaie  isio  a  test-tube,  add  a  f<w  drops  of  freshly  prepared  aqueous  sohition  ^^fl 

f  Mdinm  nitropniBside  and  render  the  mixture  alkaline  with  potassium  bydrox-  ^^H 

le.    (Be  sun  to  add  the  nitroprusside  before  the  solution  is  rendered  alkaUne.)  ^^H 

Lnby-cedcolor,  due  to  creatinine,  a  normal  urinary  constituent,  is  produced  (s««  I 

Vejl^  test,  page  iSsi-    Add  an  excess  of  acetic  add  and  i(  acetone  is  present  ■ 

i»  red  color  will  be  intensified,  whereas  in  the  absence  of  acetone  a  yellow  color  ^^1 

iQ  remit.    Make  a  control  test  upon  normal  urine  to  show  that  this  is  BO.  ^^H 

■A  similar  red  color  may  be  produced  by  paracresol  in  urines  con-  ^^M 

lining  no  acetone.  ^^B 

Two  hypotlieses  have  been  proposed  to  explain  the  color  reaction  I 

!tween  acetone  and  nitroprusside:  (t)  The  formation  of  a  complex  ion  I 

Bcrropentacyanidc  with  the  isonitroso  compound  of  the   ketone,  I 

*3)  the  formation  of  such  an  ion  with  the  isonitroaminc  derivative  ^^M 

the  ketone.'  ^^M 

4.  Iodoform  Test  (Lleben). — Introduce  5  c.c.  of  the  urine  or  distillate  into  a  ^^H 

t-tube,  render  it  alkaUne  with  potassium  hydroxide  and  add  i-a  c.c.  of  iodine  V 

ntion  drop  by  drop.    If  acetone  Is  present  a  yellowish  precipitate  of  iodoform  ^^fl 

1  be  produced.    Identify  the  iodoform  by  means  of  its  characteristic  odor  and  ^^H 

Apical  crystalline  form  (see  Fig.  8,  page  43).  ^^H 

TVhile  fully  as  delicate  as  Gunning's  test  (1)  thi.s  test  is  not  as  ^^M 

nirate  since,  by  means  uf  the  pruocdure  involved,  either  alcohol  or  ^^| 

lehyde  will  >-ie]d  a  precipitate  of  iodoform.    This  test  is  especially  ^^M 

bic  to  lead  to  erroneous  deductions  when  urines  from  the  advanced  ^^ 

iges  of  diabetes  are  under  examination,  because  of  the  presence  of  ■ 

»hol  formed  from  tlie  sugar  through  fermentative  processes,*    If  I 

hein  is  present  in  the  urine  to  be  tested  it  may  prevent  the  acetone  I 
B  responding  to  the  above  reaction.     It  is  therefore  advisable  to  use 

■ItoHnblooni:  Jour.  Am,  Mrd.  Ati'n,  so,  445.  "O"- 

*Camt)i^  Atti.  ^ccad.  Limtti,  2t,  376,  igij. 

■  Wdkcr  rcporu  ihe  producUon  of  o  ptak  or  ted  color  during  the  application  ot  thu  test 

Jie  dlilillstet  Irom  pathological  urbc*  which  had  been  urtsrrved  with  powdered  thymd. 

ionnd  the  colcv  to  be  doe  to  an  iodotbymd  cmnpound  which  had  wta  vteAooA,')  ^«- 

mi  i^thedeaHy  by  MeaingcT  aad  t'ortraaan.  ^ 
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the  dislillatc  to  secure  most  accurate  results.'    Sobd*  has  suggested  i  J 
quantitative  method  for  acetone  based  on  Liebcn's  test.  I 

5.  Reynolds-Gunning  Test.— This  teat  depends  upoo  tlie  »olubiUt]r  of  mrmnc  1 
oxide  in  acetone  xnd  is  pftriormed  AS folloni:     To  sc.c.of  theurtneurdtstiUiteaU  ] 
a  few  drops  of  menuric  chloride,  render  the  solutioa  alkaline  nith  potatmm  li]^  | 
dioxide  and  add  an  equal  volume  of  115  per  cent  alcohol.    Shake  thorougUr  ii  ' 
order  to  biin^f  the  rnxjoz  portion  of  the  mercuric  oxide  into  soluiion  and  filur. 
Render  titc  cUar  filtrate  faintly  add  with  hydrochloric  acid  and  stratify  wok  to-  ' 
monium  .sulphide  (N'II()!S    upon  this  ncid  aolution.     At  the  zone  of  conuai 
blackish-gray  ring  of  precipitated  rucTcuric  sulphi<tc,  HgS.  will  form.    lUddydt 
also  responds  to  thi*  lest.     .Aldehyde,  however,  hai  never  l>cen  detected  in  the  iirint 
and  could  be  present  in  (hisinstancconly  if  the  acidified  urine  was  distilled  too  i3j.j 

6.  Rothera's  Reactioa.*— To  5-10  c.c.  of  urine  or  distillate  in  a  teU-tubc  add  J 
little  K>li(i  nrntnonitim  sulphate,  2-3  drops  of  a  freshly  prepared  s  per  cent  wluliui 
of  sodium  niiropnissidc  and  i-j  C.C.  o(  concentrated  aiumonium  hydroxide.   The 
development  of  a  permanianaU  color  indicates  the  pretence  of  acetone.  ■ 

Hunter^  claims  that  this  reaction  serves  to  detect  acetoacetic  add  ntbcitbn 
acetone.    Othcn  claim  ii  detects  both  acetone  and  acetoacetic  acid.  fl 

8.  Salic7l«ld«hydc  Reaction  (Frommer).— Render  10  c.c.  of  tuine  droB^ 
alkaline  with  potassium  hydroxide,  add  lo-u  drops  of  a  10  per  cent  sohnussf 
Mlicylaldchyde  in  absolute  alcohol  and  warm  the  mixture  to  about  70'.  II 
acetone  be  present  the  fluid  becomes  yellow,  then  red,  reddish-purple  and  dut 
red  in  turn.  The  color  of  the  urine  is  practically  unchanged  if  no  acetoot  i> 
present.  M 

This  color  is  due  to  the  formation  of  dihydroxydibenzoylaceton^ 
through  the  interaction  of  salicylaldehyde  and  acetone. 

CH)  A 

ft  M 

■  ACETOACETIC  ACID,  C  =  0  ^^1 

I  H 

•  CHiCOOH.  ^^ 

Acetoacetic  or  diacetic  scid  occurs  in  traces  in  normal  urini:- 
The  sum  of  the  acetone  and  the  acetoacetic  acid  excTetcd  in  nonnal 
urine  per  day  ranges  from  3  to  15  mg.  and  ordinarily  three-quarters 
01  this  is  acetoacetic  acid.  Under  certain  pathological  oonditJotB 
it  occurs  in  larger  quantities  and  is  rarely  found  except  associated 
with  acetone.  It  is  formed  from  y3-hydroxyhu  lyric  acid,  anotba  rf 
the  acflone  bodies,  and  upon  decomposition  jnelds  acetone  and  ca^ 
bon  dioxide.  Acetoaccturia  twrcurs  ordinarily  under  the  same  cowfr 
tions  a*  the  pathological  acctonuria,  i.e.,  in  fevers,  diabetes,  etc.  (pp- 
435  and  534).  If  ver>'  little  acetoacetic  acid  is  formed  it  may  b* 
transformed  into  acetone,  whereas  if  a  larger  quantity  is  produced  boti 

'  RoMnbloom:  /oar.  Am.  Mtd.  Att'n,  59,  445,  1911. 
■Sobd;  Sekiotis.  Afoih.  Ztf.,  it.  6a,  ■914* 
*JIotben:  Ji>tir.  Pkysiet.,  j7, 491,  iijoS, 
*Buota:  Quart.  Jmtr.  Esf.  PhTtlol.,  %,  \%,  14^4. 


URISE 

»tofte  and  acetoacetic  acid  may  be  presient  in  the  urine.    Aceto- 
Xtoiia  is  most  frequently  observed  in  children,  especially  accompany-  ] 
ig fevers  and  digestive  disorders;  it  is  perhaps  less  frequently  observed 
1  adults,  but  when  present,  particularly  in  fevers  and  diabetes  itisj 
tquently  followed  by  fatal  coma. 

Acetoacetic  acid  is  a  colorless  liquid  which  is  miscible  mth  water, ; 
Itohol  and  ether,  in  all  proportions.     It  differs  from  acetone  in  gi\'ing  i 
violet-red  or  Bordcaux-rL-d  color  with  a  dilute  solution  of  ferric 
Uoiide. 

ft  Experiments' 

t.  L«  Nob«l  Reaction.'— Make  10  c.c.  of  urine  acid  with  acetic  acid,  add  a 
ir  drops  of  n  dilute  aqueous  solution  of  Ko<Iium  nitropmsside  and  stratify  con- 
Bttatw)  ammonium  hydroxide  upon  die  mizluie.  In  the  presence  of  aceto- 
e6c  add  a  violet  ring  lonns  at  once. 

Acetone  also  responds  to  this  test,  but  the  test  is  more  delicate  for  aceto- 
(dc  add  and  (he  respouse  is  more  prompt. 

1,  Ferric  Chloride  Test  (Gerhardtl.— To  5  c.c.  of  urine  in  a  test-tube  add 
riic  chloride  solution,  drop  by  drop,  until  no  more  precipitate  forms.  In  the 
Hence  of  acetoacetic  acid  a  Bordeaux-red  color  is  produced;  this  color  may  be 
newhat  masked  by  the  precipitate  of  ferric  phosphate,  in  which  case  the  fiuid 
nild  be  filtered. 

A  positive  result  from  the  above  manipulation  simply  indicates  the  possibls 
isence  of  acetoacetic  add.  Before  making  a  final  decision  regarding  the  pres- 
M  of  this  body  make  the  two  following  control  experiments : 

(a)  Place  5  c.c.  of  urine  in  a  test-tube,  small  beaker,  or  Erlenmeyer  Sesk 
]  boil  it  vigorously  for  3-5  minutes.  Cool  the  vessel  and,  with  the  boiled 
ne,  make  the  test  as  given  above.  As  has  been  already  stated,  acetoacetic 
d  fields  Bcetone  upon  decomposition  and  acetone  does  not  give  a  Bordeaux- 
I  color  with  ferric  chloride.  By  boiling  as  indicated  above,  therefore,  any 
itoacetic  acid  present  would  be  decomposed  into  acetone  and  carbon  dioxide 
I  the  test  upon  the  resulting  fluid  would  be  negative.  If  positive,  the  color 
Ine  to  the  presence  of  bodies  other  than  acetoacetic  acid. 

(b)  Place  5  c.c.  of  urine  in  a  test-tube,  acidify  with  H.SO,,  to  free  aceto- 
itic  acid  from  its  salts,  and  carefully  extract  the  mixture  with  ether  by  shaking, 
tcetoacetic  acid  is  present  it  will  be  extracted  by  the  eUier.    Now  remove 

I  ethereal  solution,  evaporate  it  to  dryness,  dissolve  the  residue  in  1-3  c.c 
water  and  ndd  3-5  drops  of  3  per  cent  ferric  chloride.  Acetoacetic  acid  is 
icated  by  the  production  of  the  characteristic  Bordeaux-red  color. 

This  color  disappears  .spontaneously  la  24-48  hours.  Such  sub- 
inces  as  antipyrin,  kairin,  phcnacetin,  salicylic  add,  salicylates, 
tium  acetate,  thiocyanates,  and  thallin  yield  a  similar  red  color 

'  To  prcporr  a  diacctic  acid  totutian  whidi  may  be  added  to  urine,  if  utinescoatalaing 
I  acid  ire  not  available,  ntuerrd  b»  lollowti    1'rtai  13  gnnn  of  eibrl  acctoacetute  urith 
■C.C.  of  N/s  Milium  hyilioiide.    Man  lo  stand  for  48  hour*  to  hjrdrolyjc  the  «ler. 
aring  urine  (or  tests  add  i  pnrt  of  this  ««lutina  to  10  parts  uf  uriiif , 
fdins  aodKuitan:  Sixiaii.  Jiiuf.,  d,  4^,  1911;  aho  uiochtm,  EuU.,i,  »v\^'vv 
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under  these  conditions,  but  when  due  to  the  presence  of  any  of 
substances  the  color  docs  not  disappear  spontaneously  but  may  r-  ' 
main  permanent  for  days.     Many  of  these  disturbing  Aubstances^ 
soluble  in  benzene  or  chloroform  and  may  be  removed  from  tlie  umc 
by  this  means  before  extracting  with  ether  as  above.    Acetoiceo: 
acid  is  insoluble  in  benzene  or  chloroform. 

3-  ScMliuin  Hitiite— Ferrous  Sulphate  Reaction  (Hurt! ey).— Place  lo  u 
of  urine  in  ■  Urge  test-tube,  add  3  i ,  '3  c.c.  of  cone  en  tin  ted  hj'drochloric  idd 
and  I  c.c.  of  fresh  i  per  cent  sodium  nitrite.  Shalce  the  tube  and  penniiitn 
stand  tor  two  minutes.  Add  15  c.c.  of  concentrated  ammonium  hydroxide  od 
5  c.c.  of  10  per  cent  ferrous  sulphate.  Shake  the  tube  and  permit  it  to  suad- 
Ifotc  the  slow  development  of  a  violet  or  purple  color  in  the  preseac«  of  taw- 
acetic  add. 

This  test  ser\'es  to  detect  acetoscetic  acid  when  present  in  a  dilu- 
tion of  I  to  50,000.    The  concentration  of  the  acetoacctic  acid  legukln 
the  speed  at  which  the  color  develops.     If  the  concentration  be  vc!* 
low  an  inter\'al  of  five  hours  may  elapse  before  the  color  appcu^ 
The  test  is  believed  to  be  specilic  for  acetoacetic  acid.  ^M 

4.  Amold-LipIiawNk}-  Reaction. — This  reaction  b  somewhat  more  ddicstt  1^ 
Gcrhaidt's  test  (:)  and  serves  to  detect  acetoacetic  add  when  present  in  tbtpcE' 
portion  of  i :  33,000.  It  is  also  negative  toward  acetone,  (^hydroxTbutyiic  >oi 
and  tlie  interfering  drugs  meutioned  as  causing  erroneous  deductions  in  the  sp^- 
tion  of  Gcrhardt's  test.  If  the  urine  under  examination  is  highly  pigmented  i*. 
should  be  partly  decolorized  by  means  of  animal  charcoal  before  applying  the  itt. 
as  indicated  below. 

Place  5  c.c.  of  the  urine  under  cxAminalion  and  an  equal  volume  of  the  AnicU- 
Lipliawsky  reagent*  in  a  lest-lubc,  add  a  few  drops  of  concentrated  ammooit  ud 
shake  the  tube  vigorously.  Note  the  production  of  a  brick-red  color.  Tike  i-i 
c.c.  of  this  colored  solution,  add  10-10  c.c.  o£  hydrochloric  add  (sp.  gr.  1.19).  3  tt 
of  chloruform,  and  1^4  drogis  of  ferric  chluriilc  iiolulion  and  carefully  mix  thefli>& 
Acetoacctic  acid  is  indicated  by  the  chloroform  assuming  a  violet  or  blue 
acetoacetic  acid  is  absent  the  color  may  be  ycUow  or  light  red. 

H    OHH 


(J-HYDROXYBUTYRIC  ACO).  H- 


I        I        I 
-C— C— C— COOH. 

I      I      i 
H   H    H 


f 


This  arid  occurs  in  normal  urine  in  traces,  e.g.,  10-30  mg.  per  day.' 
It  is  found  under  certain  pathological  conditions  in  larger  quantities 

'  This  taigeDt  conuiUof  two  definite  solutiora  which  ueonHnmilvpreMrvedMpsrsBA' 
and  mixed  juit  before  using.     The  two  Kilutioos  orcpccpotcd  ai  followi; 

(a)  One  per  cent  aquvous  tolullon  of  potastium  nitrite. 

(A)  One  gnun  of  ^amino-acetopbeiioa  dissolved  iii  too  ex.  ol  disttUed  water  ai 
enough  hydrochloric  add  (about  1  cc.)  added,  drop  by  drop,  to  cause  tbe  MlulioB,  wlitc^ 
u  at  nrnt  yellow,  to  become  entirely  colorless.    An  ciceas  of  add  must  be  avoided 

Belote  using,  a  and  b  are  mixed  in  ihe  ratio  wi. 

'5hatfcr and  Marriott:  Jow.  h'uA.Ontm.^\fi,-A\,vt\\. 
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1  then  always  in  conjunction  with  either  acetone  or  acetoacetic  add. 

Ether  of  th«sc  bodies  may  be  formed  from  jS-hydroxybutyric  add  under 
er  con<Utions.  It  is  present  in  especially  large  amount  in  severe 
sw  of  diabetes  and  has  also  been  detected  in  digestive  disturbances, 
ntinued  fevers,  scurvy,  measles,  and  in  fasting.  It  is  probable 
It,  in  man,  ^-hydroxybu  lyric  add,  in  common  with  acetone  and 

tcetoacetic  acid,  arises  prindpally  from  the  breaking  down  of  fatty 

r"  !ues  within  the  organism.  Any  condition  in  wliich  large  amounts 
acetone  and  acetoacetic  acid,  and  in  severe  cases  (3-hydroxybutyric 
idd  also,  arc  excreted  in  the  urine  is  known  as  an  "addosis."  In 
diabetes  the  deranged  metabolic  conditions  cause  the  production  of 
great  quantities  of  these  suostanccs  which  lead  to  an  add  intoxication 
jtad  ultimately  to  diabetic  coma.  In  severe  diabetes  50-100  grams  or 
over  per  day  may  be  excreted.  In  such  conditions  the  /9-hydroxy- 
butyric  acid  may  constitute  60-80  per  cent  of  the  total  acetone  bodies. 
In  rare  cases  we  may  have  an  excretion  of  large  amounts  of  ^-hydroxy- 
butjtic  acid  with  a  low  acetone  output.  \n  acidosis  may  also  occur 
Under  certain  physiological  conditions  (sec  Chapter  XXVII  on  Metab- 
olism). 

I  Ordinarily  0-hydroxybutyric  add  is  an  odorless,  transparent  syrup 
Wu'ch  is  levorotatory  and  easil>'  soluble  in  water,  alcohol,  and  ether; 
^may  be  obtained  in  crystalline  form. 

Experiments 

I.  Black's  Reaction. '—InaBinach  as  th«  uruutry  pigments  as  well  as  any 
i  sugar  or  acetoacetic  acid  will  interfere  with  the  delicacy  of  this  [«s1 
hsa^pUed  to  the  urine  directly,  the  following  preliminary  procedure  is  neces- 
117:    Concentrate  to  c.c.  of  the  urine  under  examination  to  one-third  or  one- 

Ect  its  oilgiiul  volume  in  an  evaporating  dish  at  a  gentle  heat  Addify 
•idue  with  a  few  drops  of  concentrated  bydrocUoric  add,  add  sufficient 
r  of  Paris  to  make  a  thick  paste  and  allow  the  mixture  to  stand  until  It 
igins  to  "set."  It  should  now  be  stirred  and  broken  up  in  the  dish  by  means 
I*  stirring  rod  with  a  blunt  end.  Extract  the  porous  meal  thus  produced  twice 
m  ether  by  stirring  and  decantation.  Any  iD-hydroxy butyric  add  present 
lU  be  cztnctcd  by  the  ether.  Evaporate  the  ether  extract  spontaneously  or 
ta  water-bath,  dissolve  the  residue  in  water,  and  neutraliie  it  with  barium 
pboaate.  To  5  to  10  c.c.  of  this  neutral  fluid  in  a  test-tube  add  3  to  3 
ops  of  ordinary  commercial  acid  hydrogen  peroxide.  Mix  by  shaking  and 
a  few  drops  of  Black's  reagent.'  Permit  the  tube  to  stand  and  note  the 
development  of  a  rose  color  which  increases  to  its  maximum  intensity 
then  gradually  fades.' 

'  Black:  Jaut.  Biol.  Cktm.,  5,  toj,  1008. 

>  Made  by  dhtotvintc  s  gnm*  of  icrric  chloride  and  0.4  gtam  o(  ferrous  chloride  la  too 
(of  water. 
•Thii  ^Ktppemnnct  ofcohr  h  due  (o  the  further  oitdatloa  ol  \ite  *MiW»CJt<w.  w3A. 
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In  carT}-ing  out  the  te*it  care  should  be  taken  to  sec  that  the  solnt^ja 
Is  cold  and  approximately  nnulral  aad  that  a  targe  excess  of  h>-droigt3 
peroxide  and  Black's  reagent  are  not  added.  In  case  but  Uulc 
^-hydroxybiitjTJc  add  is  present  the  color  will  fail  to  api»ear  or  wB 
be  but  transitor>-  if  the  oxidi7Jng  agents  arc  added  in  too  great  exctst. 
It  is  preferable  to  add  a  few  drops  of  the  reagent  and  at  intervals  (< 
a  few  minutes  repeat  the  process  until  the  color  undergoes  no  furthtt 
increase  in  intensity.  One  part  of  /3-hydroxy butyric  acid  in 
parts  of  the  .solution  may  be  detected  by  this  test. 

3.  PoUriscopic  ExaminatioD. — Subject  some  ot  the  urine  (free  from 
to  the  ordinniy  fcrmcntnlion  test  (xce  page  Alt).  This  will  rfmove  (bna 
and  fructose,  frlijch  nouKi  iDierfcrc  with  the  fwlariscopic  test.  Now  cxamiiKtb 
fermcntcrl  fluid  in  lh<:  polamcope  nnd  if  it  is  Icvorotatoiy  the  ptaeact  ot  fiif- 
droxybutyric  acid  i^  indicated.  This  tc»t  is  not  absolutely  reliable,  howntl.SKt 
conjugate  glycuroiuilM  arc  ilI.io  Icvorolatory  aflcr  tcrmenijition. 


CONJUGATE  GLYCURONATES 

Glycuronic  acid  docs  not  occur  free  in  the  urine,  but  is  fo' 
the  most  part,  in  coinbinulion  with  phenol.     Much  smaller  quantltii 
arc  excreted  in  combination  with  indoxyl  and  skatoxyl.    The  Mlil 
content  of  coQJuKitte  glycuronates  seldom  exceeds  0.004  pc  c*"*!  um 
normal  conditions.    The  output  may  be  very  greatly  incrcasol  aJ' 
the  result  of    the   administration   of   antipyrin.   homeol,  camplwr, 
chloral  hydrate,  menthol,  morphine,  naphthol,  turpentine,  etc. 
glycuronates  as  a  group  are  Icvorolatory  whereas  glycuronic  add 
flextrorotatorv'.     Mait  of  the  glycuronates  reduce   alkaline   met 
oxides  and  so  introduce  an  error  in  the  examination  of  urine  for  su; 
Conjugate  glycuronates  often  occur  associated  with  glucose  in  glyco- 
suria, diabetes  mellitus,  and  in  some  other  disorders.    As  a  class  tbe 
glycuronates  arc  non-fcrmcntablc. 


EXPERIUENTS 


4 


I.  naphthoresorcinol  Reaction  (Tollma). — Introduce  5  cc  of  urin«  in  1 
teet-tube  and  add  0.5-1  c.c.  of  a  t  per  cent  solution  of  naphthotesordnol  in 
95  per  cent  alcohol,  and  5  c.c.  of  concentrated  hydiechloric  acid.  Rain  U" 
t«iDperature  gradually  to  the  boiling-point  and  boQ  for  ooe  mintite,  shakiat  lb* 
tube  continuously.  Stand  the  tube  aside  four  minutes,  then  cool  undtr  Ikt 
tap.  Extract  with  an  equal  volume  of  ether.  Glycuronates  ars  ladicaMdl? 
the  ether  extract  assuming  a  violet-red  color.  The  spectroscope  shows  tbii 
extract  to  possess  two  absorption  bands,  one  on  the  D  line  and  one  to  Ibe  tigtil 
of  this  line. 


2.  Po/ariscoptc-Fermentation  Tttt.— 11  tf»M*tt\k;a«ywA  in  the  urine 


nine  ttstc^^ 
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lycuronates  th«  urine  may  first  b«  subjected  lo  a  polAriscopic  examioatioo, 
f«nnenl«d  and  a  Sl^coDd  polariscopic  ezaminalioo  made.  The  sugar  balii( 
lorotatory  and  fermentable  and  the  glycurooates  being  lerorotatorr  and 
fcnnentable  the  second  poUriKcopic  lest  will  show  a  Icvorotntion  indicative 
□jugate  gtycuionates. 

.  Reduction-PolnriKopic  Test.— Test  the  tulne  bj  Fehling's  test.  If 
ive  try  the  Resordnol-HCI  reaction  for  fructose.  If  negativa  test  the  optical 
Ity.    Levorotation  indicates  glycuiooates. 

PENTOSES 

Ve  have  two  di^ttinct  types  of  [iciitosuria,  i.e.,  alimentary  pentosuria, 
lling  from  the  ingestion  of  large  quantities  of  pentose-rich  vegetables 
I  as  prunes,  cherries,  grapes,  or  plums,  and  fruit  juices,  in  which 
hiion  the  pentoses  appear  only  temporarily  in  the  urine;  and  the 
nic  form  of  pentosuria,  in  which  the  output  of  pentoses  bears  no 
tion  whatever  to  the  quantity  and  nature  of  the  pentose  content 
he  food  eaten.  In  occurring  in  these  two  forms,  pentosuria  re- 
bles  glycosuria  (see  page  413).  but  it  is  defmitely  known  that  pen- 
ria  bears  no  relation  to  diabetes  mcltitus  and  there  is  no  generally 
!pted  theory  to  account  for  the  occurrence  of  the  chronic  form  of 
tosuria.  The  pentose  delected  most  frequently  in  the  urine  is 
binose,  the  inactive  form  generally  occurring  in  chronic  pentosuria 
bugh  keto-pentose'  may  occur  in  some  cases.  'J'hc  Icvorotatory 
lety  occurs  in  the  alimentary  type  of  the  disorder. 

[  Experiments 

^  OrcinoI-HrdrDchloric  Acid  Reaction  (Bial).' — To  s  c.c.  of  Bial's  reagent' 
>lect-tube  add  3  ^  cc  of  urine  and  heat  the  mixtufe  gentty  until  the  first 
fks  rise  to  the  surface.'  Immediately  or  upon  cooling  the  solution  becomes 
■  and  a  Socculent  precipitate  of  the  same  color  may  form. 

rhis  t<rst  is  believed  to  be  more  accurate  than  the  original  orcinol 
;  It  is  claimed  that  urines  containing  rnentkot,  kreosotal,  etc., 
pad  to  the  old  orcinol  reaction,  but  not  to  Bial's.  If  so  desired 
Osazonc  of  the  pentose  may  be  formed,  then  distilled  with  hydro- 
He  add  and  the  distillate  tested  by  Dial's  test  (JoUes). 

\,  Phloroglucuiol -Hydrochloric  Acid  Reaction  (ToDens). — To  e<iual  Tolumes 
loe  and  hydrochloric  add  (sp.  gr.  1.09)  add  a  little  phloroglucinol  and  heat 
mixture  on  a  boiling  water-bath.    Pentose,  gatactose,  or  glycuronic  acid 

tv«D«  and  La  Forsc:  Jon*-  BM.  Cktm.,  t$,  3x9,  ipu- 
*il:  Deiti.  BMd.  WmIl,  2&,  iji,  190a, 

cinol 15  ffuaa. 

minx  Hd ■ SooRram*. 

irici^loridc  (10 percent) 30-30 drop*. 

rhc  tdl  nay  k1»o  be  jietfomied  by  addinx  the  urine  to  \he  hal  nA^cb^..    "^o  Wt>lux 
t  ibouid  be  aecfitxry  H  penloie  it  prtMM. 
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will  b«  indicated  by  the  appejuvnce  o(  a.  ttd  color.  To  diSereatiate  benmi 
these  bodies  examine  by  the  spectroGcope  uid  took  for  the  absonrtioD  btiui 
bet^'een  D  and  E  given  by  penioees  and  glycuionic  acid,  and  tbeo  diSerenttate 
between  the  two  tatter  bodies  by  the  melting-points  of  their  oaazones. 

3.  Ordn<d  Test.— Place  equal  volumea  of  urine  and  hydrochloric  acid  (sp.  gi. 
1.09)  in  a  icst-lube,  add  n  smatl  amount  of  oidnol,  and  heat  the  mixture  to  boiling 
C<Aot  changes  from  red  through  rcddisb-bluc  to  green  will  be  noted.  Wheo  ■k 
solution  become*  green  it  should  be  ahaken  in  a  separatory  funnel  with  a  licit 
atnyl  alcohol,  and  the  alcoholic  extract  examined  spcctrotcopically.  An  abKiptics 
band  between  C  and  D  will  be  observed. 

FAT 

When  fat  finds  JU  way  into  the  urine  through  a  lesion  which  brings 
some  portion  of  the  urinary  passages  into  communication  with  the 
lymphatic  system  a  condition  known  as  ckylurut  is  established.  Tke 
turbid  or  milky  appearance  of  such  urine  is  due  to  its  content  d(  chyle. 
This  disease  is  encountered  most  frequently  in  tropical  countries,  bul 
is  not  entirely  unknown  in  more  temperate  climates.  Albumin  is* 
constant  constituent  of  the  urine  in  chyluria.  Upon  shaldng  a  chylous 
urine  with  ether  the  fat  is  dissolved  by  the  ether  and  the  urine  becoma 
clearer  or  entirely  clear. 


HEMATOPORPHYRIN 

Urine  containing  this  body  is  occasionally  met  widj  in  vjrious 
diseases,  but  more  frequently  after  the  use  of  quinine,  t«tronal,  trionil, 
and  especially  sulphonai.  Such  urines  ordinarily  possess  a  reddish 
tint,  the  depth  of  color  valuing  greatly  uiMlcr  different  conditions. 


EXPEKIUEHTS 

I.  Spectroscopic  Examination.— To  100  cc.  of  urine  add  abont  lo  e.c-  li 
a  10  per  cent  solution  of  potassium  hydroxide  or  ammonium  hydroxide-  Tltt 
preciiutBte  which  fonns  consists  principally  of  earthy  phosphates  to  which  tlie 
bematoporphyrin  adheres  and  is  carried  down.  Filter  off  the  precif^tato,  *>di 
it  and  transfer  to  a  fiask  and  warm  with  alcohol  addified  with  hydrochloric  sad. 
By  this  process  the  bematoporphyrin  is  disEoIved  and  on  Cl]t«rin(  will  be  fxsxl 
in  the  aitrate  and  may  be  identified  by  means  of  the  ^•etnsMpa  (m«  fifi 
296,  and  AbsoTptton  Spectra,  Plate  11). 

1.  Acetic  Add  Test.^To  100  cc  of  urine  add  5  c.e.  of  ^adal  acetic  add  ui 
allow  the  mixture  to  stand  48  hours.  Hcmatoporpbyrin  depoiits  in  the  fonn  oi  * 
piedpilate. 

LACTOSE 

Lactose  is  rarely  found  in  the  urine  except  M  it  is  excreted  by 
during  pregnancy,  during  the  nuisinit  v»iw^  ^^  w^^  *t**^ 
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rather  difficult  to  show  the  presence  of  lactose  in  the  urine  in  a 
(factory  manner,  since  the  formation  of  the  characteristic  lactos- 
Vmc  is  not  attended  with  any  great  measure  of  success  under  these 
itions.  It  is,  however,  comparatively  easy  to  show  that  it  is  not 
B,  for,  while  it  responds  to  reduction  tests,  it  docs  not  ferment 
pure  yeast  and  does  not  gi%'e  a  glucosa^ooe.  An  absolutely 
^usive  test,  of  course,  is  the  isolation  of  the  lactose  in  crystalline 
pn  (Fig.  104,  page  31S)  from  the  urine. 

I  On  oxidation  with  nitric  acid  lactose  and  galactose  jncld  mucic  acid. 
!iis  test  is  frequently  used  in  urine  examination  to  dilTerentiate  lacto&e 
galactose  from  other  reducing  sugars.  To  diScrcntiatc  lactose 
pentose,  ajnce  neither  ferments,  we  may  apply  the  Orcinol— HCl 
lof  Dial,  sec  page  443. 

Experiments 


1.  Mudc  Add  Test. — Treat  too  c.c.  of  the  urine  utuler  examination  with 

c'  of  concentrated  nitric  acid  and  evaporate  the  mixture  in  a  broad,  ahaUow 

v««sel,  upon  a  boiling  water-balb  until  Ifae  volume  of  tlie  solution  is  only 

bout  lo  c.c.    At  this  point  the  fluid  should  be  dear  and  a  fine  white  precipitate 

Bade  add  should  separate 

If  the  percentage  of  lactose  in  the  urine  is  low  it  may  be  necessarj' 

cool  the  solution  and  permit  tt  to  stand  for  some  time  hefore  the 

^pitatc  will  form.     It  is  impossible  to  differentiate  between  galactose 

IK]  lactone  by  means  of  this  test,  but  the  reaction  does  serve  to  dif- 

fetiate  these  two  sugars  from  all  other  reducing  sugars.  A  sat- 
ory  differentiation  between  lactose  and  galactose  in  pure  solution 
By  be  made  by  means  of  Barfoed's  test,  page  30.  This  test  is, 
|pre\-er,  not  suited  for  urine  examination.  To  ditTerentiale  galactose 
id  lactose  in  urine  use  the  Phloroglucinol-Hydrochloric  .Add  Reaction 
'ollens,  see  pages  36  and  443. 


1.  Rubner's  Test. — To  10  c-c  of  urine  in  a  sni.\tl  bea.kcr  add  »ome  lead  acetate, 
jlbiitince,  heat  to  boiling,  and  add  NH«OH  until  no  more  precipitate  is  dissolved, 
be  pteaeoce  of  iactoie  a  brick-re<l  or  roie-red  color  develops,  whereas  glucose 

I  a  ooflee-bniwn  color,  maltose  a  light  ycliow  color,  and  fnictoK  do  color  at  all 
(kr  the  nme  coDditions. 

Compound  Test, — Trj-  the  Nylandcr  reaction.    If  powtive  try  the  phenyl- 
Eiitc  tc»t.     If  negative  (the  lactosazoae  is  not  readily  formed  in  urine)  apply 
ttation  test.    If  this  text  is  alio  it[;gative,  diileieutlste  between  lactoM 
ntose  by  Ordool-tlCL  rcaciion  (Bial)  and  mucic  acid  teats. 

II  ih«  spKlGc  gi«viiy  of  ihe  urine  i«  io»o  or  ovtt  it  is  nectiMirj'  to  um  jj-jj  cc.  o( 
:  add.     (.'odn  tho«  conditions  Ihr  miilure  should  be  tvap<MftVc&  wcAii  vVt  \CTna\tb»,'^ 

!  ii  »ppKa'imtteiy  ajuivaital  to  thai  of  [he  (litlic  »cid  added. 
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GALACTOSE 

Galactose  has  occasioaaily  been  d«tec(ciJ  in  the  urioe,  and  in  pif' 
ticular  in  that  of  nursing  infants  aOUctcci  wUh  a  deranged  {lisi:<tin 
function.  Lactose  and  galactose  may  be  difierentiated  from  othir 
reducing  suf;an>  which  may  be  present  in  the  urine  by  means  of  the 
tnucic  acid  test.  This  test  simply  consists  in  the  production  of  muck 
acid  through  oxidation  of  the  sugar  with  nitric  add. 


EXPERIMEXTS 

I.  Mucic  Add  Test. — Treat  loo  c.c.  of  the  urine  under  examtnatiao ' 
10  c.c. '  of  concentrated  nitric  acid  and  evaporate  the  mixture  in  a  broad,  ihilltw^ 
glass  vessel,  upon  a  boiling  water -bath,  until  the  volume  of  the  solution  is  od; 
20  cc.    At  this  point  the  f!tiid  shoold  be  clear  and  ■  fine,  white  precipitate  of 
mucic  acid  should  separate. 

If  the  percentage  of  galactose  present  in  the  urine  is  low  it  nuy  it 
necessary  to  cool  the  solution  and  permit  it  to  stand  for  sonx  dm 
before  the  precipitate  will  form.  It  is  impossible  to  differcnlisl' 
between  }^kctose  and  lactose  by  means  of  this  test,  but  the  reaction 
does  scr\'c  to  differentiate  thciw;  two  sugars  from  all  other  rcdudai 
sugars.  A  satisfactory  differentiation  between  galactose  and  iact« 
may  be  made  by  the  Phloroglucinol-Hydrochloric  Add  Test  of  ToUetis. 
below. 

a.  PbloroghicJnoI-Hydrochlorlc  Acid  Reaction  (ToUeos).— To  equal  volumatf 
the  urine  nnd  hyilrochlurtc  acid  (sp.  gz.  i.oq)  uld  a.  little  {)h)oroftlucinol  ani  ba> 
the  mixture  on  a  boiling  waicr-balh.  Galactose,  pentose,  and  glycuronic  arid  »J1 
1>c  indicated  by  the  a[>j)<:iiriince  of  a  red  color.  Cinlactudc  may  be  difTercntiiUJ 
from  ihc  two  latter  substances  in  tbat  Us  eoIutioDs  exhibit  no  absorption  bu^ 
upon  kjtcctroM'upical  examination. 

FRUCTOSE 

Diabetic  urine  frequently  possesses  the  power  of  rotating  the  | 
polarized  light  to  the  left,  thus  indicating  (he  presence  of  a  levor 
substance.  The  levorotation  is  sometimes  due  to  the  presence  of 
fructose,  although  not  necessarily  confined  to  this  carbohydrate,  ance 
conjugate  glycuninatcs  and  ^-hydroxybutyric  acid,  two  other  k^'O- 
rotatory  bodies,  are  frequently  found  in  the  urine  of  diabetiot.  Fructose 
is  invariably  accompanied  by  glucose  in  diabetic  urine,  but  /**- 
tosuria  has  been  obser\'ed  as  a  separate  anomaly.     The  presence  d 

'  I(  the  «pedfic  gravity  of  the  urine  i»  taio  or  over  it  b  oeotKaiy  to  ui«  Jj-jj  c-t." 
nitric  add.  tinder  these  conditvoTis  the  mlxtuTc  UiouM  be  cvaporau-d  tmlil  the  rwtiriw 
mi/urae  h  approximately  equivtilent  to  ihal  <A  V^e  ^u\c  *i.U>  il&I^cA. 


Rctose  may  be  iofcircd  when  the  percentage  of  sugar,  as  determined 
y  the  titration  method,  is  greater  than  the  percentage  indicated  by 
I  polariscopic  examination. 

KXPKRIHENTS 

!  1.  Borchardt's  Reaction. — To  about  5  c.c  of  urine  in  ■  test-tube  add  an  equal 
vluiDf  of  25  per  ceni  hydrochloric  acid  and  a  few  crystals  of  resorcinol.  Heal  to 
NnliuK  tod  after  the  production  of  a  red  color,  cool  the  lube  under  running  water 
lod  transfer  to  an  eraporatinf  dish  or  beaker.  Make  the  mixture  slightly  aUca- 
ine  with  solid  potassium  hydroxide,  return  it  lo  a  tesl-tube,  add  1  i  c.c.  of 
icedc  ether,  and  shake  the  lube  vigorously.  In  the  presence  of  fructose  the 
ether  is  colored  yellow. 

The  only  urinary  constituents  which  interfere  with  the  test  are 
ites  and  tndUan  and  these  interfere  only  when  they  arc  simul- 
■ly  prrtml.  Under  these  conditions,  the  urine  should  be  acidified 
'ith  acetic  acid  and  heated  to  boiling  for  one  minute  to  remove  the 
itriles.  In  case  the  indican  content  hvery large,  it  will  impart  a.Uue 
olor  to  the  acetic  ether,  thus  masking  the  yellow  color  due  to  fructose. 
Ibeo  such  urines  are  to  he  examined,  the  indican  should  limt  be  re- 
©vcd  by  Obcrmaycr's  test  (see  page  388).  The  chloroform  should 
be  discarded,  the  acid-urine  mixture  diluted  with  one-third  it» 
le  of  water,  and  the  test  applied  as  described  above.  Tlie  urine 
patients  who  have  ingested  santonin  or  rhubarb  responds  to  the  test. 
Qic  test  will  serve  to  detect  fructose  when  present  in  a  dilution  of 
Isooo,  i.e..  0.05  per  cent, 

'  s.  Resorcinol-Hjrdrochloric  Acid  Reaction  (SeliwanoS). — To  5  c.c.  of  Scliwm- 
ofTs  reagent'  in  a  test-tube  add  a  few  drops  of  the  urine  under  examination 
nd  heat  the  mixture  to  boiling.  The  presence  of  fructose  is  Indicated  by  the 
iCtloa  of  a  red  color  and  the  separation  of  a  red  precipitate.  The  latter 
be  dissolved  in  alcohol  to  which  il  will  impart  a  striking  red  color. 

If  the  boiling  be  prolonged  a  ^^indltir  reaction  may  be  obtained  with 

ics  containing  glucose.     This  has  been  explained'  in   the  case  of 

as  due  to  the  transformation  of  the  glucose  into  fructose  by 

ic  catalytic  action  of  the  hydrochloric  add.     The  precautions  ncces- 

y  for  a  positive  test  for  fructose  are  as  follows:  The  concentration  of 

hydrochloric  add  must  not  be  more  than  1 2  per  cent.     The  rcac- 

(red  color)  and  the  precipitate  must  be  observed  after  not  more  than 

30  seconds  of  hotting.     Glucose  must  not  be  present  in  amounts 

ceding  3  per  cent.     Tlie  predpitate  must  be  soluble  in  alcohol  with 

H^t  red  color. 

Scti«%DOff'i  reagent  may  be  prtpiucd  by  diiiolving  oa;  grain  of  resorcinol  in  reo  c.e. 
late  ft :  1)  hydrmhloric  acid. 
JLoraigsldd:  BUtk.  Zeil.  }&,  jii,  ipij. 
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3.  Phcnrthydrtzine  T«it — Moke  Uie  test  according  ^o  directions  under  Glu- 
cose. 3.  piige  13. 

4.  Polaiiscopic  Extmiaation. — A  ximple  polariKopJc  cxuniDation.  wbea  Uien 
in  connection  wilh  other  ordinary  l«st£,  will  Eurnish  the  requisite  data  rcgirdiiti 
Uie  pmcDcc  ot  fructose.  pru%-i<led  f tuctOM  ii  oot  accompanied  by  other  levototaUirf 
eubslances,  such  as  conjugate  glycuroiutcs  and  ^-bydroxybutyric  acid. 


ARSENIC 


■ 

body  in  1 


When  any  soluble  form  of  arsenic  is  introduced  into  the  body  u 
any  way,  it  is  quickly  absorbed  and  distributed  by  the  blood  and 
lymph.  The  absorption  is  influenced  by  the  quantity  and  quality  oi 
the  food  in  the  stomach,  and  the  activity  of  the  circulation  of  the  part 
in  contact  with  the  poison.  Some  of  the  absorbed  arsenic  nuiy  be 
returned  to  the  alimentary'  canal  by  way  of  the  bile  and  gastio-iBtet- 
tinal  mucous  membrane.  After  absorption  it  may  be  deposited  id  tht 
liver,  kidneys,  brain,  bone,  muscles,  and  walls  of  the  stomach  lod 
intestines.  It  is  eliminated  in  all  of  the  excretions,  but  chiefly  hy  the 
kidneys  and  through  the  feces.  It  does  not  appear  very  promptly  in 
the  urine  but  continues  to  be  excreted  in  the  urine  over  a  long  pcrinl 
of  time,  in  some  cases  for  several  months.  The  urine  may  be  cxamindJ 
for  arsenic  by  the  following  methods. 

I.  Marsh  and  Marsh-Bandbu  Mediod. — Titis  method  has  the  advubge  rf 
lerving  m  .1  iiiialilativc  and  qusnthativc  determination,  and  u  a  very  delicaie  IM; 
it  is,  however,  long  arid  tedious.  The  various  steps  in  the  analysis  are:  (1)  tit 
destruction  of  the  organic  matter  in  the  urine;  (a)  treatment  with  sulphuric  add  (0 
drive  off  eicess  nitric  acid  and  break  up  nitroK:ompounds;  and  (3)  application  <( 
Independent  test  to  the  resultant  solution.  Proceed  us  follows;  The  nriac^  <> 
which  is  added  one-third  its  volume  of  nitric  acid,  is  placed  ina  cassctole  or  cvip»- 
rating  dish  and  evaporated  at  150°  to  160°  to  a  syrupy  consistency.  Tbemuii* 
then  allowed  to  cool  and  5  c.c.  concentrated  ■ulphiiric  acid  added,  and  gentle  bot 
applied.  The  heating  must  be  done  cautiously,  or  defiagration  takes  place  mJ 
some  of  the  anienic  i>  sure  to  be  lost.  The  mass  will  liquefy  and  finally  dukco, 
indicating  organic  matter.  Cool  and  add  concentrated  nitric  acid,  i  c.c,  aodsiflj 
ver)'  gentle  heat;  copious  reildish-btown  fumes  are  evolved.  Gradually  nitt  ^ 
temperature  until  darkening  of  the  solution  occurs,  then  cool,  add  i  c.c  cooccatnMl 
nitric  acid  and  again  apply  gentle  heat,  and  repeat  the  process  until  ibc  telutjon 
fails  to  darken.  Now  raise  the  temperature  until  while  fumes  liegln  to  «nie(4- 
At  this  temperature  excess  ntitic  acid  viH  have  been  removed  and  all  iulr»oM>' 
pounds  broken  up.  1'he  solution  nl  this  jmini  is  dear  and  at  molt  a  pale  strawadv- 
Cool  and  add  a  mixture  of  10  c.c.  concentrated  sulphuric  acid  and  40  c.c.  <nHr. 
and  test  for  arsenic  using  a  Marsh  apparatus.  The  apparatus  (see  Fig.  ijl.pUA* 
consists  of  a  wide-mouth  flask— 350  CC.  capacil)— fitted  with  a  Iwo-hole  SOppK- 
Through  one  hole  is  passed  the  stem  of  a  scparatory  funnel  of  50  to  60  c.c.  cspidtj- 
Through  the  other  hole  a  piece  of  gU!«  tutic  bent  at  right  angles,  nhich  isfitudl^ 
«  calcium  chloride  tube,  and  ih'w  ia  tytn  Vo  *  tauo-"  ^iiMv»  vj!a«.\tw  distal «nd<* 
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ch  a  dmwD  to  a  fine  bore  and  bent  up  alinott  at  a  right  angle.     All  jointj  must 
Jr-tight. 

Introduce  30  lo  40  grams  of  anenic-fTce  granulated  zinc  into  the  Sa&k,  ioMrt 
■topper  and  througb  tbe  funnel  introduce  50  c.c.  dilute  &tilphuric  add  (i  pan 
I  parta  water).  After  a  few  minutes  collect  a  lesl-tube  of  gas  by-  inverting  a 
■lube  over  the  end  of  the  quurtx  tube,  and  test  it  by  igniting.  When  tbc  gas  in 
test-tube  ignites  quietly,  li^ht  the  gas  issuing  from  the  quartz  tube. 
Hold  a  clean  porcelain  crucible  lid  in  tbe  Bame  and  note  wbelber  any  deposit 
on.  This  prccaulioa  must  be  taken  to  insure  that  the  chemicals  and  apparatns 
not  conlamtoated  with  arsenic. 

Now  introduce  tbc  prepared  urine  solution  into  the  funnel  and  adjust  ibc  flow 
hat  6  to  8  drops  arc  introduced  into  tiic  flask  per  minute.  Immediately  hold  a 
A  porcelain  crucible  lid  in  tbe  tUmc  and  at  the  lint  evidence  of  a  dark  dqwsit 
if  best,  using  a  iring-top  burner,  to  tbc  quartz  tube.  The  arsenic  if  present 
dcfMMit  in  the  qtuitz  tube  beyond  the  flame.  Now  test  the  spot  on  tbc  lid 
KC  if  it  is  arsenic;  it  should  dissolve  readily  in  sodium  bypochlontc  solution. 


4 
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Fio,  iji," Mabsh  AppaHATTS. 

tlniK  the  operation  for  two  houis,  remove  the  Bunsen  burner  and  ngain  hold 
(Kd  Id  the  flame.  If  no  more  deposits  on  tbe  Ud,  the  arsenic  has  all  come  over 
I  it  deposited  in  the  quatu  tube;  if  deposition  occurs,  apply  the  Bunsen  again 
1  repeat. 

kWhen  complete,  remove  the  quartx  tube,  weigh  it  after  cooling,  then  <liMotve 
fthe  arsenic  with  nitric  add,  wash,  dry,  and  vrcigh  again.  The  difference  in 
l|ht  is  the  wdght  of  metallic  ursenic  in  the  volume  of  urine  taken. 
La.  RainKh's  Test—This  lost  is  \cty  much  liimpler,  but  not  so  delicate.  It 
Uhe  advantage  of  application  in  the  presence  of  organic  matter.  Tbe  test  is 
lormed  as  foUows:  The  urine,  acidified  with  one-lifth  its  volume  of  pure  hydro- 
nric  acid,  is  placed  in  a  beaker.  .\  piece  of  bright  copper  foil  free  from  arsenic 
then  introduced,  and  the  urine  heated  almost  to  the  boiUng-poinL  It  is  then 
tkudcforsix  to  eight  hours.  The  arsenic  i» deposited  on  ihecopperfoil,  bluish- 
V  color.  The  foil  is  then  removed,  washed  successively  in  pure  water,  alcohol, 
ler,  and  dried  without  heat.  The  foil  is  (hen  rolled  into  u  scroll  and  tnsieTtM. 
0B  J  mm.  bore ^Mia  tube 4  inches  long,  about  1  inch  ttom  l\ve  enA.  TVc  V'Awi'ii 
I    J9 
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then  held  in  the  bunsen  flame  at  an  angle  of  30  to  35  degrees  apfdying  beat  wboe 
the  copper  foil  is  situated.  The  arsenic  volatilizes  and  is  oxidized,  and  depoaitsu 
octahedral  crystals  of  arsenic  triozide  on  the  cooler  part  of  the  tube.  The  oyitili 
can  readily  be  recognised  by  the  microscope  and  sometimes  with  a  simple  magnifT- 
inglens. 

Mercxiry 

The  rapidity  of  absorption  of  mercury  depends  upon  a  number  d 
conditions  such  as,  mode  of  administration,  the  nature  of  the  com- 
pound and  its  physical  state,  the  state  and  condition  of  the  stomadi 
and  intestines,  the  quantity  and  quality  of  the  food  in  the  stomadi 
and  the  state  of  the  circulation  of  the  portal  of  entrance.    There  is 
no  definite  knowledge  as  to  the  form  in  which  it  is  absorbed.    Elimiiu- 
tion  depends  upon  the  state  of  the  excretory  organs.     It  is  eliminated 
as  an  albuminate  in  all  the  excretions  of  the  body,  urine,  feces,  saliva, 
sweat,  tears,  and  milk.     Elimination  begins  about  two  hours  after 
introduction.    Depending  upon  the  amount  introduced  and  absorbed, 
the  time  required  for  its  complete  elimination  varies  from  24  hours  lo 
many  weeks.     Mercury  may  be  detected  in  the  urine  by  the  foUofting 
methods. 

I.  Reinsch's  Test — The  procedure  is  carried  out  in  the  same  manner  as  for 
arsenic  {see  above).  A  piece  of  arsenic-free  copper  foil  is  introduced  into  the  urine 
acidified  with  one-fifth  its  volume  of  pure  hydrochloric  acid.  The  urine  is,  bo»- 
ever,  not  heated  to  boiling,  but  warmed  to  50°  or  60°  and  set  aside  for  11  houis 
or  preferably  34  hours.  Metallic  mercury  is  deposited  on  the  foil  as  a  briglt  lus- 
trous mirror.  The  foil  is  then  washed  with  pure  water,  alcohol,  ether,  and  dried 
without  heat,  rolled  into  a  scroll,  inserted  into  a  glass  tube  and  heated  in  the  am 
manner  as  under  arsenic.  The  mercury  is  deposited  in  the  metallic  state  in  I)k 
form  of  globules  readily  distinguished  with  the  microscope. 

3.  Amalgamation  Test. — A  more  rapid  method  than  the  above  is  by  amalji- 
marion  with  zinc.  Add  5  grams  of  zinc  dust  to  the  urine  and  heat  for  15  misalK. 
stirring  continuously.  Allow  the  amalgamated  zinc  to  settle  and  decant  the  urine. 
Then  wash  by  decantation  several  times  with  pure  water,  then  with  alcohol,  and 
finally  with  ether  and  dry  in  air.  Now  introduce  the  dry  zinc  into  a  narrow  di; 
glass  tube  sealed  at  one  end.  With  the  Bunsen  soften  the  tube  about  2  incbts 
above  the  zinc  and  constrict  the  tube  by  pulling  the  ends  apart.  Introduce  1  snal 
bit  of  glass  wool  or  asbestos  sufficient  to  support  a  small  piece  of  iodine.  Ic"^ 
duce  the  iodine  supported  by  the  asbestos  at  the  constriction.  Apply  beat  to  the 
ziac  amalgam,  and  then  gently  to  the  region  holding  the  iodine  to  gently  volitito 
it,  and  immediately  reapply  heat  to  the  zinc.  The  mercury  volatilizes  and  meeticj 
the  indint^  vapor  unites  wiih  it,  and  is  deposited  as  the  red  iodide  of  mercury. 

CHOH 

/\ 
HOHC      CHOH 
INOSITOL,  I         I 

HOHC      CHOH 

\/ 
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Ino^tol  occasiooally  occurs  in  the  urine  in  albuminuria,  diabetes 
tellitus,  and  diabetes  insipidus.  It  is  claimed  also  that  copious  water- 
rinking  causes  this  substance  to  appear  in  the  urine.  Inositcrf  was  at 
ae  time  considered  to  be  a  sugar  but  is  now  known  to  be  hexahy- 
Toxybenzene,  as  the  above  formula  indicates.  It  is  an  example  of  a 
on-carbohydrate  in  whose  molecule  the  H  and  O  are  present  in  the 
iroportion  to  form  water.  In  other  words  it  has  the  formula  of  the 
lexoses,  i.e.,  CiHuO*.  Inositol  occurs  widely  distributed  in  the 
•egetable  kingdom,  and  because  of  this  fact  the  theory  has  been  voiced 
hat  it  represents  one  of  the  first  stages  in  the  conversion  of  a  car- 
x>hydrate  into  the  benzene  ring.  It  is  found  in  the  liver,  spleen, 
imgs,  brain,  kidneys,  suprarenal  capsules,  muscles.  lcucoc}-tes,  testes, 
rnd  urine  under  normal  conditions. 

Experiment 

I.  Detection  of  Inocitol  (Scherer). — Addify  the  urine  with  concentiated  nitric 
.dd  and  evaporate  nearly  to  dryness.  Add  a  few  drops  of  ammonium  hydroxide 
nd  a  little  caldum  chloride  solution  to  the  mobt  residue  and  evaporate  the  mixture 
0  dryness.    In  the  presence  of  inositol  (o.ooi  gram)  a  bright  red  color  is  obtained. 

For  a  more  satisfactory  test,  which  is  also  more  time-consuming,  see  Salkowski's' 
Dodification  of  Scherer's  test. 

LAIOSE 

This  substance  is  occasionally  found  in  the  urine  in  severe  cases  of 
liabetes  mellitus.  By  some  investigators  laiose  is  classed  with  th<- 
ugars.  It  resembles  fructose  in  that  it  has  the  property  of  reducing 
ertain  metallic  oxides  and  is  levorotatory,  but  differs  from  fructose 
a  being  amorphous,  non-fermentable,  and  in  not  possessing  a  swccL 
aste. 

MELANINS 

These  pigments  never  occur  normally  in  thu  urint-,  inil  ;irc  present 
inder  certain  pathological  conditions,  their  prestmcf  bciriK  ispcdiiiiy 
ssodated  with  melanotic  tumors.  Ordinarily  lh<-  freshly  |iiissc<l  urine 
s  clear,  but  upon  exposure  to  the  air  the  color  ikepens  ami  m;i\'  at 
1st  be  very  dark  brown  or  black,  in  color.  The  ])ij.rniciit  is  jirohably 
iresent  in  the  form  of  a  chromogcn  or  melanogen  and  U|ion  niminfj 
nto  contact  with  the  air  o-^idation  occurs,  causirif:  the  transforma- 
ion  of  the  melanogen  into  melanin  and  consi.'<|»onlly  (he  darkenint^ 
if  the  urine. 

It  is  claimed  that  mclanuria  is  proof  of  the  formalion  of  a  visceral 
'  Salkowski:  Zeil.  physiol.  cMem.,  6g,  47!!,  1910. 
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melanotic  growlb.  lu  many  instances,  without  doubt,  urines  rich  ia 
indican  ha.vc  been  wrongly  taken  as  diagnostic  proof  of  melanuru- 
Thf  pigment  melanin  is  sometimes  mistaken  for  indigo  and  mclano^ 
for  indican.  It  h  comparatively  easy  to  differentiate  between  indijo 
and  melanin  through  the  solubility  of  the  former  in  chloroform. 

In  rare  caseK  melanin  if.  found  in  urinar)'  sediment  in  the  form  of  fine 
amorphous  granules. 

Experiments 


1.  Ferric  Chloride  Reactioii  (von  Jakscb-PoUak}.— Add  a  few  drops  o( 
ferric  chloride  solution  to  to  c.c.  of  urine  in  a  test-tube  and  note  the  (oraiation  of 
a  gray  color.  Upon  the  further  addition  of  the  chloride  a  dark  precipitate  ionoi, 
consisting  of  phosphates  and  adhering  melanin.  An  eicees  of  ferric  chloridt 
causes  the  precipitate  to  dissolve. 

This  is  the  most  satisfactory  test  for  the  Lndeatificatioo  of  melanin  in  the 
urine. 

2.  Bromine  Test  iZeller).— To  50  c.c,  of  urine  in  a  small  Ii»kcradd  an  fjuil 
volume  of  bromine  water.    In  the  presence  of  melanin  a  yellow  predpilalc 
form  and  will  gradually  darken  in  color,  iiltimntdy  liecoming  black. 


k 


UROROSEIN 

This  is  a  pigment  which  is  not  present  in  normal  urine  but 
be  detected  in  the  urine  in  various  diseases,  such  as  pulmonar)' 
culosis,  typhoid  fever,  nephritis,  and  stomach  disorders.  Urorosein, 
in  common  with  various  other  piRmcnts,  docs  not  occur  preformed  in 
the  urine,  but  is  present  in  the  form  of  a  chromogen,  which  is  Iraas- 
formed  into  the  pigment  upon  treatment  with  a  mineral  add,  Hctter' 
showed  this  chromogen  to  be  indole  acetic  add, 

H 

I 
(CCCOOH 

I 
H 

Kormal  urine  responds  to  the  urorosein  reaction  (see  below)  if  nitiiti 
arc  present. 

Experiments 

I.  Hitrite-Hydrochloric  Acid  Test  (Ororosein  Reaction).— To  10  c.c  of  oriiir 
in  a  test-tube  add  2  c.c.  of  concentrated  hydrochloric  acid  and  a  few  dnipi  <rf  > 
t  per  cent  solution  of  potassium  nitrite.    A  roee-red  color  Indicates  utorouii- 

The  chromogen  (indole  acetic  acid)  has  been  changed  into  urDTOKi'' 
by  oxidation. 

'HerUr:  Jout.  Biel.  Chem.,  4,  »5j,  iqqS. 


2.  Robin's  Reaction.— Acidiiy  lO  c.c.  of  urine  with  aboul  ij  drops  of  coa- 
Ct:ntTalc<l  hyclrochlurii:  uciiL  Upon  allowiiig  the  adclifie<l  urini:  lo  slitnil,  n  Tose-red 
color  will  appciir  if  \iroroscin  is  present. 

3.  Nencki  and  Sleber's  Reaction.— To  100  c.c.  of  urine  in  a  beaker  >d<I  10  cc 
of  as  per  cent  sulphuric  acid,  .\llon  th«  acidified  urine  to  stand  and  note  the  ap- 
pearance of  a  ro»c-red  color.  Tbc  pigment  may  be  separated  by  exiracliou  with 
Butyl  alcohol. 

NEPHROROSEm 

This  pigment  is  closely  n-laUd  to  urorosirin'  and  like  urorosein  it  is 
produced  from  a  chromogen  when  the  urine  is  treated  with  nitric  arid 
or  witb  concentrated  hydrochloric  acid  and  a  little  sodium  nitrite 
solution.  It  is  sometimes  rallrd  ^-urorosein  to  difftTcnti.'itc  it  from  the 
true  urorosein  which  is  termed  a-uroruscin.  Nephrorusein  occurs  only 
in  pathological  urines. 

UROCHROMOGEN 

This  is  the  chromogen  uf  urochrome.  the  normal  urinary  pigment 
{see  Chapter  XXI).  It  is  daimcci  that  the  urochromogen  readion  of  the 
urine  is  an  aid  to  prognosis  and  diagnosis  of  pulmonary  tuberculosis. 
Urochromogcn  is  not  present  in  normal  urine.  Its  presence  in  patho- 
logical urine  is  due  probably  to  faulty  oxidation,  i.e.,  failure  to  oxi- 
dize the  chromogen  to  urochrome.  Urochromogen  may  be  detected  by 
oxidizing  it  to  urochrome  by  means  of  potassium  pcrmaganatc.  In 
this  process  a  certain  antecedent  of  urochromogen  is  also  oxidized 
to  urochrome.  Whereas  the  diazo  reaction  (see  page  454)  is  also 
given  by  urines  containing  urochromogen,  it  is  claimed  that  the  diazo 
reaction  docs  not  show  the  presence  of  the  precursor  of  urochromogen. 
Hence  the  urochromogen  reaction  is  said  to  be  more  constant  and  uni- 
form in  its  appearance, 

KXPERIMENT 

Urochromogen  Reaction  l.Wcisz;.<  -Fin  a  test-tube  a  titUe  less  than  one- 
third  full  of  tuine,  dilute  it  witb  a  volumes  of  distilled  water  and  mix  thorou^ly. 
Pour  one-half  the  diluted  urine  into  another  tube  and  to  one  of  the  tubes  add  3 
drops  of  a  t  per  cent  solution  of  potassium  permanganate.  Shake  the  lube 
thoroughly.  In  the  presence  of  urochromogen  a  yellow  tint  will  appear  Id  the 
tube  to  which  permanganate  was  added. 

The  reaction  is  due  to  the  oxidation  uf  urochromogen  to  urochrome, 
and  is  believed  to  be  of  value  as  an  aid  in  prognosis  and  diagnosis  of 


■Arnold:  Zril.piyiM.  Ckcm.,  71. 
'     ci.  I 


I'Ara 
•Wciw;  Uanci.  wrf.  WDch.,\ii,  134ft,  lO"- 
Vitri:  Stmomix  ii<4ua,  10.  No.  iS,  1913. 
HeOebowcr:  Am.  Jour.  Mtd.  Sei.,  14,1, 111.  1911. 
hiHMttt  and  Walcon;  J<>tir.  Am.  Sffd.  Au'n..  61,  1SS6,  1914. 
PipMeca:  GMtUad.  Oip.  t  driU  Clin,,  is.  iSi-  ■9M- 
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pulmonary  tuberculosis.  The  presence  of  sugar,  albumin  or  urobilin 
in  low  conceotration  does  not  interfere  with  the  test.  The  test  ofta 
runs  parallel  with  the  diazo  reaction  (see  below.)  The  test  is  supposed 
to  be  positive  when  the  focus  of  the  lung  i:;  so  active  or  cxtensi\'e  as  to 
Sood  the  blood  with  toxins  or  to  break  down  the  defensive  forces  of  tlie 
body.  It  is  claimed,  therefore,  that  this  test  will  differentiate  the 
cases  in  which  the  tuberculosis  is  beyond  help  from  the  tuberculin 
from  those  in  which  the  body  is  liable  to  respond  favorably  to  its 
action.*  Some  investigators  claim  the  test  is  not  specific  and  that  a 
positive  reaction  will  be  obtained  in  many  disorders  other  tlias 
tuberculosis.' 

UNKNOWN  SUBSTANCES  1 

I.  Ehflich's  DUzo  Reaction. — Place  equal  volumes  of  urine  and  EhrUdi'i 
(Uazob«iueDesulphonic  acid  reagent*  in  a  test-tube,  mix  thoToughljr  bj  sbaktaft 
and  quicUy  add  ammonium  hydroxide  In  excess.  The  test  is  positive  U  both  Ibt 
fluid  and  the  foam  assume  a  red  color.  If  the  tube  ia  aDowed  to  stand  a  prcc^i- 
lato  forms,  the  upper  portion  of  which  exhibits  a  blue,  gt^eo,  greeoish -black,  (f 
violet  color.  Nonnal  urine  gives  a  brow^sh-yellow  reaction  with  the^ 
manipulation. 


)me  iff 


'llie  exact  nature  of  the  substance  or  substances  upon  whose  pr 
in  the  urine  this  reaction  depends  is  not  well  understood.     Some 
vestigators  claim  that  a  positive  reaction  indicates  an  abnormal  de- 
composition of  protein  material,  whereas  others  assume  it  to  he  due 
to  an  increased  excretion  of  alloxyproteic  acid,  oxyproteic  acid,  or  uro- 
ferric  acid.    \Wisz*  claims  that  urochromogen  is  the  principal  uiinaq^ 
substance  which  causes  a  positive  diazo  reaction.  ^M 

The  reaction  may  be  taken  as  a  metabolic  symptom  of  certain  dis- 
orders, which  is  of  value  diugnostically  o*tly  when  taken  in  connectioo 
with  the  other  s>inptoms.  'Vhe  reaction  appears  principally  in  the  uiioe 
in  febrile  disorders  and  in  particular  in  the  urine  in  typhoid  fever, 
tubcrculosi.s,  and  measles,  '['he  reaction  has  also  been  obtained  in  tbr 
urine  in  various  othiT  disorders  such  as  carcinoma,  chronic  rheuniati 

'  M.  nnd  A,  Weiw:  WUh.  Uin.  WocM  .  »S.  "83,  iyi>. 
Doui:  Cautla  d.  Osp.  1  ddU  Clin.,  34,  815,  1014- 


Rur^M:  Jour.  Ant.  Mtd.  ^u'n..  00,  Sa,  iQio. 
'Tuliato:  GattHa  d.  Oip.  e  dtUe  CUn.,  3s,  1014- 
Marlelli  and  lixsclli:  PoiUUtiica,  it,  AprU  1,  1914. 


'  Two  tepaiatc  soluiiont  should  be  preparod  and  mixed  is  definite  proponiom  *lt 
ti««ded  (or  usa: 

(a)  Fiv«  gmnt  of  lodium  nilritc  diuolvcd  in  1  liter  of  disuUed  wain, 

(6)  F!ve  grams  of  tuiphooilic  *cid  and  50  c.c.  of  hyxlrocUoric  add  ia  i  liter  cj  db 
water. 

Solutions  a  and  b  should  be  pre*erved  in  well- stoppered  vtstcia  and  mixed  in  Ihei 
IJon  I  :  50  when  required.     Greco  ouecti  thnt  gsiaitt  delicacy  b  Mcured  by  dial  . 
lolutloDft  in  Ui«  proportion  1  :ioo     The  sodium  nitrite  dcterioirale*  upon  Maadioii 
become!  unfit  fur  ure  iu  the  vouneof  u  lew  wreks. 

*W^a:  iltaickmt4.Woi.k.,  i&,ij48,iqu. 
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sria,    erj-apclas,    pleurisy,    pneumonia,  scarlet  fever,  sj-phiUs, 
^rphus,  etc.    The  administration  of  alcohol,  chr>-sarobin,  creosote, 
cresol,  dionin,  guaiacol,  heroin,  morphine,  naphthalene,  opium,  phenol, 
tannic  acid,  etc.,  will  aJso  cause  the  urine  to  give  a  positive  reacUoii. 
The  foUovring  chemical  reactions  take  place  in  this  test: 


I 


(a)  NaNO,+HCl-HNO,+XaCl. 
NH,  N 

/  /      \ 

\  \  / 

RSOl  SO. 

Svlitluiulle  Htd  DUM-li«>u<o<culplioRic  *cld. 


2.  M0thyl«tuBiiie Reaction tRusso).' — To  sec.  of  uriDeadd4drop>of  ao.i  per 
cent  lolutioo  of  mcthylcDe  blue.  In  uses  of  typhoid  fever,  measles,  smallpox  and 
certain  other  disorders  there  wQl  be  a  change  in  color  from  blue  to  green.  In 
nomutl  urine  the  blue  color  persists.  The  test  is  sometimes  used  as  a  substitute 
for  the  dioxo  reaction  (see  p.  454). 
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PHENOLSULPHONEPHTHALEIN  TEST  FOR  KIDNEY 

EFnCIENCy 


This  test  for  renal  function  was  dcN-iscd  by  Rowntree  and  Geraghty.' 
It  depends  upon  the  injection  into  the  tissues  of  a  dyestuff  whidi 
is  eliminated  rapidly  by  the  normal  kidneys,  and  can  be  easily  estimated 
quantitatively  in  the  urine. 

Tliis  dyestutT.  phenol  sulphoncphthalcin,  is  non-irritative  to  Che 
body  either  when  taken  by  mouth  or  when  injected  into  the  tissues,* 
80  that  it  does  no  harm  to  an  already  weakened  kidney. 

The  patient  upon  whom  the  test  is  to  be  performed  is  given  300-400 
cc.  of  water  20-30  minutes  previously,  in  order  to  assure  a  free  flow 
of  urine. 

The  pTOcedut*  Is  as  follows :  One  c.c.  of  ■  solution  oontaining  6  tag.  at  pheool- 
sulphonephthakin'  is  Injected  intramusculaily  In  the  lumbar  region,  the  time  of 
ta)ectioa  being  noted.  The  patient  is  then  catheterized  and  the  uiine  as  it  forms 
thereafter  allinved  to  drop  ioio  a  bealter  containing  1  drops  of  25  per  cent  NsOH. 
The  appearance  of  a  red  color  in  the  alkalinized  urine  indicates  beginning  excre- 
tion of  the  drug,  the  nonnal  time  being  within  5  to  10  minutes  after  its  injection. 

'  Ruuo:  Rijorm  nud..  No,  ig,  igo$. 

»Pe«llo<r:  Stnaiift  m4>i .,  lOj,  191a. 
da  Po«o:  Cat-  Osp.  Clin.,  15,  865,  1914 
'  RownliK  And  Gciiighty:  Jour.  Pkatm.  and  Eifirr.  Tkatp.,  i,  579, 1910;  also  Atlh. 
liU.  Utd.,  March,  igi>.  p.  aS^. 

'Abel  and  Rowntree:  Jmir,  Pkiam.  and  Eiftr.  Tkucf.,  1,  Jji,  1910. 
*Tlui  solniion  is  prepared  by  adding  0.6  cram  pheaolsulpbonephiha]eiaaiidoi^c.G. 
of  i/NKaOHtocDoujtbo.^spfircGDtNaCI  solution  to  make  too  c.c.  TfaUgivestliemano- 
•oduim  or  add  ult  which  u  tJiKlitly  irritiuil  locally  when  injected,  ll  it  neceSMty  to  add 
>-3  dropc  more  i/ffNaOH  which  rh.mgei  iht  color  to  a  borrleaiu  red.  This  prepam- 
tion  bnon-irrltanl. 
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Urine  is  now  coU»cted  In  one-houi  samples.  In  patients  with  obstnictioD  to  tiw 
flow  of  iirin«  from  the  bladder  the  retention  catheter  is  stoppered  and  the  uiiae 
drawn  off  al  the  end  of  e«ch  boiu.  Other  patients  may  simply  be  allowed  to  urinite 
Bt  the  hcurlr  periods. 

To  each  hour  sample  of  urine  is  added  15  per  Cent  NaOH,  drop  by  drop,  uatH 
the  inaximum  intensity  of  color  appears.  This  color  will  remain  constant  for  as 
indefinite  period  of  time.  Each  sample  is  then  placed  in  a  tooo  ex.  vohmteOfe 
flaslc  and  diluted  to  the  mark  with  distilled  water. 

Comparison  is  made  in  a  Duboecq  (HeUige  or  Sargent)  colorimeter  (6»e  p.  4S6) 
with  a  standard  consisting  of  3  mg.  of  pheuolaulphonephthalein  in  1000  c.c.  of  sdn- 
tioo.  The  cylinder  containing  [he  standurd  may  conveniently  be  placed  at  the  10 
min.  mark.  Knc«  the  volume  of  each  urine  sample  is  the  same  as  that  of  tin 
standard,  the  percentage  elimination  of  phenolsulphonephthalein  in  each  may  be 
e«aly  calculated  as  follows : 

Reading  of  Urine :  Reading  of  Standard : :  loo :  X. 

The  amount  of  the  drug  eliminated  normaJly  is  40-60  per  cent  dtuing 
the  first  hour  and  20-  25  per  cent  during  the  second  hour,  or  a  total  a( 
60-85  pc  cetit  for  two  hours.  The  amount  of  the  drug  excreted  !i^ 
been  found  to  be  independent  of  the  quantity  of  urine  obt^ned. 
In  case  of  delayed  excretion  the  collection  of  hourly  samples  may  be 
continued  until  practically  all  of  the  drug  has  been  recovered  in  the 
urme. 

If  it  is  desired  to  test  the  function  of  each  kidney  separatel)-, 
ureteral  catheterization  must  be  resorted  to,  the  experiment  oliet- 
wisc  being  performed  a-s  above  described. 

The  phcnolsulphonephthalein  test  may  be  used  to  indicate  the 
amount  of  derangement  in  quantitati\'e  functional  disturbance  of  Ox 
kidneys,  as  in  chronic  interstitial  and  chronic  parenchymatous  neph- 
ritis or  uremia. 

McLean'  has  very  recently  suggested  a  method  for  studying  kidney 
function  which  is  based  upon  the  relationship  betveec  the  urea  con- 
tent of  the  blood  and  the  rate  at  which  the  urea  is  excreted  by  the 
kidney.  It  gives  similar  values  to  the  phenol-sulplionephthalcin  tci.t 
It  has  an  advantage  in  that  it  enables  one  to  measure  kidney  functioa 
by  a  study  of  an  actual  normal  function  of  the  organ,  i.f.,  ureacxcn- 
tion.  The  method,  however,  is  more  or  less  complex. 
'  itcLton:  Jour.  Am.  Mtd.  Aisn.,  <A.,  41$,  iffiC. 


CHAPTER  XXIV 


URINE :  ORGANIZED  AND  UNORGANIZED 
SEDIMENTS 


^E  data  obtained  from  carefully  conducted  microscopical  exami- 
tm  of  the  sediment  of  certain  pathological  urines  are  of  very  great 
irtance  diagnostically.  Too  little  emphasis  is  sometimes  placed 
L  the  value  of  such  findings. 

^  sedimentary  constituents  may  be  divided  into  two  classes, 
organized  and  unorganized.    The  sediment  is  ordinarily  collected 
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uuation  by  means  of  the  centrifuge  (Fig.  133).  An  older 
yoA,  and  one  still  in  vogue  in  some  quarters,  is  the  so-called  gravity 
iod.  This  simply  consists  in  placing  the  urine  in  a  conical  glass 
allowing  the  sediment  to  settle.  The  collection  of  the  sediment  by 
tts  of  the  centrifuge,  however,  is  much  preferable,  since  the  process 
dimentation  may  be  accomplished  by  the  use  of  this  instrument  in  a 
(oinutes,  and  far  more  perfectly,  whereas  when  the  other  method  is 
d^^^qucntl>'  necessary"  to  allow  the  urine  lo  tcm^wi'wv  >i\t  Witw 
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ical  glass  i3'34  hours  before  sufficient  sediment  can  be  secured  for  tk 
micioscopical  examiaation. 

(a)  TTnorgamzed  Sedilneaits 

Ammonium  magnesium  phosphate  ("triple  phosphate")- 

Calcium  oxalate. 

Caldum  carbonate. 

Calcium  phosphate. 

Calcium  sulphate. 

Uric  add. 

Urates. 

Cystine. 

Cholesterol. 

Hippuric  add. 

Leudne  (?)  and  tyrosine. 

Hematoidin  and  bilirubin. 

Magnesium  phosphate. 

Indigo. 

Xanthine. 

Melanin, 

Ammonium  Magnesium  Phosphate  ("Tiqde  Phosphate")." 
Crystals  of  "triple  phosphate"  are  a  characteristic  constituent  of  the 
sediment  when  alkaline  fermentation  of  the  uiine  has  taken  place 
either  before  or  after  being  voided.  They  may  even  be  detected  in 
amphoteric  or  slightly  add  urine  provided  the  ammonium  salts  are 
present  in  large  enough  quantity.  This  substance  may  occur  in  the 
sediment  in  two  forms,  i.e.,  prisms  and  the  feathery  type.  The  pris- 
matic form  of  crystals  (Fig.  129,  page  408)  is  the  one  most  commonly 
observed  in  the  sediment;  the  feathery  form  (Fig.  129,  page  408)  p^^ 
dominates  when  the  urine  is  made  atnmoniacal  with  ammonia. 

The  sediment  of  the  urine  in  such  disorders  as  are  accompanied  by 
a  retention  of  urine  in  the  lower  urinary  tract  contains  "triple  phos- 
phate" crystals  as  a  characteristic  constituent.  The  crystals  are  ft^ 
quently  abundant  in  the  sediment  during  paraplegia,  chronic  cystids, 
enlarged  prostate,  and  chronic  pyelitis. 

Calcium  Oxalate. — Calcium  oxalate  is  found  in  the  urine  in  tlie 
form  of  at  least  two  distinct  types  of  crystals,  i.e.,  the  dumb-bdi  type 
and  the  octahedral  type  (Fig,  134,  page  459).  Either  form  may  occur 
in  the  sediment  of  neutral,  alkaline,  or  add  urine,  but  both  forms  ut 
found  most  frequently  in  urine  having  an  add  reaction.  Occasionallyi 
in  alkaline  urine,  the  octahedial  loimVscoTdcKnAeA.-wWa."  triple  pbos- 
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phate"  crystals.    They  may  be  differentiated  from  the   phosphate 
cryitals  by  the  fact  that  they  are  insoluble  in  acetic  add. 

The  presence  of  calcium  oxalate  in  the  urine  is  not  of  itself  a  sign  of 
aoy  abnormality,  since  it  b  a  constituent  of  normal  urine.  It  is  increased 
above  the  normal,  however,  in  such  pathological  conditions  as  diabetes 
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nellitus,  in  organic  diseases  of  the  liver,  and  in  various  other  conditions 
which  arc  accomiwnied  by  a  derangement  of  digestion  or  of  the  oxida- 
tion mechanism,  such  as  occurs  in  certain  diseases  of  the  heart  and 
limgs. 

Calcium  Carbonate. — Caldum  carbonate  crystals  form  a  typical 
^Qslituent  of  the  urine  of  herbivorous  animals.    They  occur  less  fre> 


Flo.  I3S.— CAicnm  CAtBOMATi. 

in  human  urine.  The  reaction  of  urine  containing  these 
is  nearl)'  always  alkaline,  although  they  may  occur  in  ampho- 
Uric  or  in  sligkUy  add  urine.  It  generally  crystallizes  in  the  fonn 
of  granules,  spherules,  or  dumb-bells  (Fig.  135).  'ITie  crystals  of 
Caldum  carbonate  may  be  differentiated  from  calcium  oxa!^\jb\)'^  ^«; 


46o  PHYSIOLOGICAL  CHEUISTRV 

fact  that  they  dissolve  in  ucetic  acid  with  the  e\'otution  of  caibon  dioxide 
gas. 

Calcium  Phosphate  (Stellar  Phosphate). — Caldutn  phosphate  may 
occur  in  the  uriue  in  three  forms,  i.e.,  amorphous,  granular,  or  ctysul- 
tine.  The  ci^'stals  of  calcium  phosphate  arc  ordinarily  pointed,  wedge- 
shaped  formations  which  may  occur  as  individual  crj-staU  or  grouped 
together  in  more  or  less  regularly  formed  rosettes  (Fig.  105,  page  ^22). 
Acid  sodium  urate  crystals  (Fig.  137,  page  461)  are  often  mistaken  foc 
crystals  of  calcium  phosphate.  We  may  diAcrcntiatc  between  these 
two  crystalline  forms  by  the  fact  that  acetic  acid  nill  readily  dissolve 
the  phosphate,  whereas  the  urate  is  much  less  soluble  and  when  Anally 
brought  into  solution  and  recrystallized  one  is  frequently  enabled  lo 
identify  uric  acid  cry.stals  which  have  been  formed  from  the  acid  urate 
solution.  The  clinical  significance  of  the  occurrence  of  calcium  pbo*- 
phate  crystals  in  the  urinary  sediment  is  similar  to  that  of  "triple 
phosphate"  (see  page  458). 

Calcium  SuIphate.^Crj'stals  of  calcium  sulphate  arc  of  quite  rare 
occurrence  in  ihc  sediment  of  urine.  Their  presence  sc«ms  lo  b* 
limited  in  general  to  urines  which  are  of  a  decided  acid  rcacdoii 
Ordinarily  it  crj-stallizes  in  the  form  of  long,  thin,  colorless  needles  « 
prisms  (Fig.  138,  page  405)  which  may  be  mistaken  for  calcium  phos- 
phate crystals.  There  need  be  no  confusion  in  this  respect,  howc\w. 
since  the  sulphate  crystals  are  insoluble  in  acetic  add,  which  rea^E 
readily  dissolves  the  phosphate.  As  far  as  is  known  their  occuntna 
a.s  a  constiluent  of  urinary  sediment  is  of  very  little  dinical  signilicano- 

Uric  Acid. — Uric  add  forms  a  very  common  constituent  of  the  jwfr 
ment  of  urines  which  are  add  in  reaction.  It  occurs  in  more  vbdc^ 
forms  than  anj'  of  the  other  crystalline  sediments  (Plate  V,  oppofltt 
page  380,  and  Fig.  136).  some  of  the  more  common  varieties  of  crj'sUis 
being  rhombic  prisms,  wedges,  dumb-bells,  whetstones,  prisnulic 
rosettes,  irregular  or  hexagonal  plates,  etc.  Crj'stals  of  pure  urictoi 
arc  always  colorless  (Fig.  122,  page  380),  but  the  form  occurriz^io 
urinary  sediments  is  impure  and  under  the  microscope  appears  pig- 
mented, the  depth  of  color  varying  from  yellow  to  a  dark  rcddisli- 
brown  according  to  the  si^e  and  form  of  the  crystal. 

The  presence  of  a  considerable  uric  acid  sediment  docs  not.  of  netC- 
sity,  indicate  a  pathological  condition  or  a  urine  of  increased  urtc  *ad 
content,  since  this  substance  very  often  occurs  as  a  sediment  in  uriofs 
whose  uric  acid  content  is  diminished  from  the  normal  merely  as*[^ 
suit  of  changes  in  reaction,  etc.  Pathologically,  uric  acid  scdimentsoc- 
cur  in  gout,  acute  febrile  conditions,  chronic  interstitial  nephritt.',  cl(- 
If  the  microscopical  examin&lion  «.  rox.  c^'udvisivc,  uric  add  may  be 
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differentiated  from  othi-r  crystalline  urinary  sediments  from  ihc  fact 
that  it  is  soluble  in  alkalis,  alkali  carbonates,  boiling  glycerol,  concen- 
trated sulphuric  add,  and  in  certain  organic  bases  such  as  etbylamine 
and  piperidin.  It  also  responds  to  the  murexide  test  (see  page  380), 
Schifi's  reaction  (sec  page  381)  and  to  FoUn's  phosphotungstic  add 
reaction  (see  page  381). 

Urates. — ITic  urate  sediment  may  consist  of  a  mixture  of  the  urates 
of  ammonium,  calcium,  magnesium,  potassium,  and  sodium.  The 
ammonium  urate  may  occur  in  neutral,  alkaline,  or  acid  urine,  whereas 
the  other  forms  of  urates  are  confined  to  the  sediments  of  acid  urines. 
Sodium  urate  occurs  in  sediments  more  abundantly  than  the  other 


'  Flo.  136.— Various  Fukus  or  Uric  Acto. 

I.  Rhombic  platct;  1,  whetstone  formsi  t,  3,  guadratc  forms;  4,  s.  prolonged  into 
poinu;  6,  S,  iusctle»;  7,  poiuled  bundles;  9,  Daml  forais  prccipitotei]  by  adding  hydro- 
cbloric  acid  to  urine. 


urates.     There  arc  two  sodium  urates,  the  mimo  and  the  di,  which  may 

be  expressed  thus  ^^^.^Cin,N«Or  and  ^^+^C»n5N,0r.     Both 

salts  dissociate  with  the  production  of  an  alkaline  reaction,  the  alka- 
linity being  stronger  in  the  case  of  the  di-sodium  urate.  The  so-called 
quadriuraU  or  hemiurate  have  no  existence  as  chemical  units.'  The 
urates  of  calcium,  magnesium,  and  potassium  are  amorphous  in 
character,  whereas  the  urate  of  ammonium  is  cry.stalline.  Sodium 
urate  may  be  either  amorphous  or  crystalline.  W'hcn  crystalline  it 
forms  groups  of  fan-shaped  clusters  or  colorless,  prismatic  needles  (Fig. 

'  Ttylor:  J^tr.  ffiat.  CAtm.,  i,  «77,'ipoj. 
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X37.  Ammonium  urate  is  ordinarily  present  in  the  sediment  in  the 
bun-like  form  of  the  "thorn-apple"  crystal,  i.e.,  yellow  or  reddisth 
brown  spheres,  covered  with  sharp  spicules  or  prisms  (Plate  VI, 
opposite).  The  urates  are  all  soluble  in  hydrochloric  add  or  acetk 
add  and  their  add  solutions  yield  cr}rstals  of  .uric  add  upon  stan^. 
They  also  respond  to  the  mureiide  test.    The  clinical  significance  of 


Fig.  137,— Acm  Sodiuh  Urati, 

urate  sediments  is  very  similar  to  that  of  uric  add.  A  considerable 
sediment  of  amorphous  urates  does  not  necessarily  indicate  a  high  uric 
add  content,  but  ordinarily  signifies  a  concentrated  urine  having  a  ver; 
strong  addity. 

Cystine. — Cystine  is  one  of  the  rarer  of  the  crj^talline  urinary  sedi- 
ments.    It  has  been  daimed  that  it  occurs  more  often  in  the  urine  of 


m 


I  # 


Fio.  138. — Cystine.    {Ogden.) 

men  than  of  women.  Cystine  crystallizes  in  the  form  of  thin,  color- 
Jess,  hexagonal  plates  (Fig.  26,  page  76,  and  Fig.  138)  which  ai* 
insoluble  in  water,  alcohol,  and  acetic  add,  and  soluble  in  minerals, 
adds,  alkalis,  and  especially  in  ammonia.  Cystine  may  be  identified 
by  fourm'ng  it  upon  platinum  ioU,  uudcT  which  condition  it  does  not 


PLATK  Vr. 


_AMMONitn<  C BATES,  sHowiNo  SriiKai'LES  and  Thork-applk-biiai'bd  OvsTAts. 
{From  OfdeH,  after  Pryer.) 
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tit  but  >ie]ds  a  bluish-gieeu  fiame.  For  preparation  of  Cystine  see 
lapter  IV. 

Cholesterol. — Cholesterol  crystals  have  been  but  rarely  detected  in 
'narj'  sediments.  When  present  they  probably  arise  from  a  patho- 
^cal  condition  of  some  portion  of  the  urinary  tract.  Crystals  of 
vtesterol  have  been  found  in  the  sediment  in  cystitis,  pyelitis, 
|f]uria,  and  nephritis.  Ordinarily  it  crystallizes  in  large  regular  and 
egular  colorles-i,  transparent  plates.  &ome  of  which  possess  notched 
3iers  (Fig.  57,  page  310}.  Frequently,  instead  of  occurring  in  the 
timent,  it  is  found  in  the  form  of  a  film  on  the  surface  of  the  urine. 
.Hjppuric  Acid. — This  Is  one  of  the  rare  sediments  of  human  urine. 
Beposits  under  conditions  similar  to  those  which  govern  the  formation 
<  uric  acid  sediments,  The  crj-stals, 
(tdi  are  colorless  needles  or  prisms 
tg.  135,  page  389)  when  pure,  arc  in- 
iiably  pigmented  in  a  manner  similar 
the  uric  add  crystals  when  observed 
urinary  sediment  and  because  of  this 
n  are  frequently  confounded  with  the 
rer  forms  of  uric  acid.  Hippuric  acid 
ly  be  differentiated  from  uric  acid 
■n  the  fact  that  it  docs  not  respond  to  ^'^-  i».—CRKsr*i»  or  Impcm 
t  murexide  t«st  and  is  much  more 

^ublc  in  water  and  in  ether.  The  detection  of  crystals  of  hippuric 
d  in  the  urine  has  very  little  clinifal  significance,  since  its  pres- 
X  in  the  sediment  depends  in  most  instances  very  greatly  upon 
!  nature  of  the  diet  It  is  particularly  prone  to  occur  in  the  scdi- 
nt  after  the  ingestion  of  certain  fruits  as  well  as  after  the  ingestion  of 
tsoic  acid  (see  pages  388  and  585). 

Leucine  and  Tyrosine.—Leucinc  and  tyrosine  have  frequently 
m  detected  in  the  urine,  eillior  in  solution  or  as  a  sediment.  Neither 
them  occurs  in  the  urine  ordinarily  except  in  association  with  the 
ler,  *.e.,  whenever  leucine  is  detected  it  is  more  than  probable  that 
osine  accompanies  it.  They  have  been  found  pathologically  in 
urine  in  acute  yellow  atrophy  of  the  liver,  in  acute  phosphorus 
sorting,  in  cirrhosis  of  the  Hvcr,  in  severe  cases  of  typhoid  fever 
I  sinaLl'pox,  and  in  leukemia.  In  urinary  sediments  leucine  ordi- 
ily  crystallizes  in  characteristic  spherical  masses  which  show  both 
ial  and  concculric  striations  and  arc  highly  refractive  (Fig.  139). 
ne  investigators  chim  that  these  crystals  whicii  are  ordinarily  called 
cine  are,  in  reality,  generally  urates.  This  view  point  has  become 
re  general  in  recent  years.     For  the  crystalline  toim  ot  v^t<t\*!»si'Mi 
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obtained  as  a  decomposition  product  of  protrin  see  Fig.  28,  page  &o 
Tyrosine  crystalUzes  in  tirdinary  sediments  in  the  weil-lcnown  sheif 
or  tuft  formation  (Fig.  25.  page  76).  For  other  tests  on  Icudae  and 
tyrosine  see  pages  86  and  87. 

Hematoidin  and  Bilirubin. — There  are  divergent  opinions  rcgatd- 
ing  the  occurrence  of  these  bodies  in  urinary  sediment.  Each  of  them 
crystallizes  in  the  form  of  tufts  of  small  needles  or  in  the  form  of  small 
plates  which  are  ordinarily  yellowish-red  in  color  (Fig.  56,  page  30;). 
Because  the  of  fact  that  the  cr>-stalline  form  of  the  two  substances  is 
identical  many  investigators  claim  them  to  be  one  and  the  same  body. 
Other  investigators  claim,  that  while  the  crystalline  form  is  the  same 
in  each  case,  there  are  certain  chemical  differences  which  may  be  brought 
out  very  strikingly  by  properly  testing.  For  instance,  it  has  been 
claimed  that  hematoidin  may  be  differentiated  from  bilirubin  through 
the  fact  that  it  givcR  a  momentary  color  reaction  (blue)  when  nitric  add 
is  brought  into  contact  with  it,  and,  further,  that  it  is  not  dissolved  on 
treatment  with  ether  or  potassium  hydroxide.  Pathologically,  typicil 
cr>'Stals  of  hematoidin  or  bilirubin  have  been  found  in  the  urinirv 
sediment  in  jaundice,  acute  yellow  atrophy  of  the  liver,  cardnonw  of 
the  liver,  cirrhosis  of  the  liver,  and  in  phosphorus  poisoning,  typhwd 
tcver,  and  scarlatina. 

Magnesium  Phoqihate. — Magnesium  phosphate  crystals  occur 
rather  infrequently  in  the  sediment  of  urine  which  is  neutral,  alkaline, 
or  feebly  acid  in  reaction.  It  ordinarily  crystallizes  in  elongated, 
highly  refractive,  rhombic  plates  which  are  soluble  in  acetic  acid. 

Indigo.-  Indigo  crystals  are  frequently  found  in  urine  which  his 
undergone  alkaline  fermentation.  They  result  from  the  breaking 
down  of  indoxyl'sulphatcs  or  indoxyUglycuronates.  Ordinarily  indigo 
deports  us  dark  blue  stellate  needles  or  occurs  as  amorphous  particle) 
or  broken  fragments.  These  crystalline  or  amorphous  forms  may  occur 
in  the  sediment  or  may  form  a  blue  film  on  the  surface  of  the  uriat 
Indigo  crystaLs  generally  occur  in  urine  which  is  alkaline  in  reaction, 
but  they  have  been  detected  in  acid  urine. 

XanAinc— Xanthine  is  a  constituent  of  normal  urine  but  is  found 
in  the  sediment  In  crystalUnc  form  very  infrequently,  and  then  only  in 
pathological  urine.  When  present  in  the  sediment  xanthine  gencnUj 
occurs  in  the  form  of  whctstonc-shapcd  crystals  somewhat  similar  in 
form  to  the  whetstone  variety  of  uric  acid  crystal.  They  may  be  dM* 
ferentiated  from  uric  add  by  the  great  case  with  which  they  may  be 
brought  into  solution  in  dilute  ammonia  and  on  applying  heat.  Xan- 
thine may  also  form  urinary  calculi.  The  clinical  significaDce  d 
xantbiDC  in  urinarv  sediment  \*  not,  ^eU  understood. 
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Melanin. — Melanin  is  an  extremely  rare  constituent  of  urinarj- 
(ediments.  Ordinarily  in  melanuria  the  melanin  remains  in  solution; 
if  it  separates  it  is  generally  held  in  suspension  as  fine  amorphous 
granules. 

(b)  Organixed  Sediments 

Epitlielial  cells. 

I  Pus  cells. 
Hyaline. 
Granular. 
Epithelial. 
Casts.  Blood. 

Fatty, 
Wwiy. 
Pus. 
Cylindroids. 

Erythrocytes.  I 

Spennato7x>a.  ^^1 

_  Urethral  filaments.  ^^B 

f  Tissue  d£bris.  f 

Animal  parasites. 
Micro-orgamsRis. 
Fibrin. 
■  ForeigD  substances  due  to  contamination. 

Epithelial  Cells.^ — The  detection  of  a  certain  number  of  these  cells 
in  urinary  sediment  is  not,  of  itself,  a  pathological  sign,  since  they 
>ccur  in  normal  urine.  However,  in  certain  pathological  conditions 
they  are  greatly  increased  in  number,  and  since  different  areas  of  the 
irinar>'  tract  are  lined  with  different  formsof  epithelial  cells,  it  becomes 
lecessAry,  when  examining  urinary  sediments,  to  note  not  only  the 
:^tive  number  of  such  cells,  but  at  the  same  time  to  carefully  observe 
:he  shape  of  the  various  individuals  in  order  to  determine,  as  far  as 
lossiblc,  from  what  portion  of  the  tract  they  have  been  derived.  Since 
Lhe  different  layers  of  the  epithelial  lining  are  composed  of  cells  dif- 
ferent in  form  from  those  of  the  associated  layers,  it  is  cedent  that  a 
:arefu]  microscopical  examination  of  these  cells  may  tell  us  the  par- 
ticular layer  which  is  being  desquamated.  It  is  frequently  a  most  diffi- 
nilt  undertaking,  howc\'er,  to  make  a  clear  differentiation  between  the 
parious  forms  of  epithelial  cells  present  in  the  sediment.  If  skilfully 
ijone,  such  a  miirroscopical  differentiation  may  prove  to  be  of  very 
great  diagnostic  aid. 

The  principal  forms  of  epithelial  cells  met  with  in  urinary  sediments 
are  shown  in  Fig.  140,  page  466. 
30 
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Pus  Cells. — Pus  corpuscles  or  leucocytes  arc  present  in  extnmel)' 
small  numbers  in  oormal  urine.  Any  considerable  increase  in  Ur 
□umber,  however,  ordinarily  denotes  a  pathological  condition,  geotr- 
ally  an  acute  or  chronic  inflammatory  condition  of  some  portion  of  lIk 
urinary  tract.  The  sudden  appearance  of  a  large  amount  of  pusiaa 
sediment  denotes  the  opening  of  an  abscess  into  the  urinary  tract.  Olhir 
form  elements,  such  as  epithelial  cells,  casts,  etc.,  ordinarily  accompiar 
pus  corpuscles  in  urinary  sediment  and  a  careful  examination  of  ibex 
associated  elements  is  necessary  in  order  to  form  a  correct  diagooas  u 
to  the  origin  of  the  pus.  Protein  is  always  present  in  urine  whici 
contains  pus. 


fm.  140.—  I 


■it;m  fsou  DoTEBiNr  Aszas  o»  tHE  UstKAjtv  Tract. 


a,Z«ucocyle  i,K<r  r-rnjaruoti);  b,  ttnal  ctliy,  e,  suptrficiaJ  pelvic  cells,'  d.  Ata  pd 
cell*;  *,  cdli  front  caUct*;  /,  ccUi  from  aieln;  [,  r,  (,  g,  i,  iqiiunous  cplUi«Muni  mat 
bl&dder;  k,  A,  oeck-ot'bl&ddcr  cclli;  1,  epithelium  Irom  prosuiic  urtthra;  k,  utellintc^ ., 
I,  I,  teat)-  epithelium;  m,  nt',  cdl*  from  KminaJ  putage*;  n,  compound  gmmleedbts 
fatty  renal  <vll      {Oidai.) 

I'hc  appearance  which  pus  corpuscles  exhibit  under  the  microsccfc 
depends  greatly  upon  the  reaction  of  the  urine  containing  them,  b 
add  urine  they  generally  present  the  appearance  of  round,  colorleasoib 
composed  of  refractive,  granular  protoplasm,  and  may  frequently  exIuW 
aoiehoid  movements,  especially  if  the  slide  containing  them  be  wanned 
slightly.  They  arc  nucleated  (one  or  more  nuclei),  the  nuclei  bein 
clearly  \'iidblc  only  upon  treating  the  cells  with  water,  acetic  add,  tt 
some  other  suitable  reagent.  In  urine  whicli  has  a  decided  alkalint 
reaction,  on  the  other  hand,  the  pus  corpuscles  arc  often  greatly  <i^ 
generated.  They  may  be  seen  as  swollen,  transparent  cells,  wUiJ 
exiubit  no  granular  situcWtc  and  as  the  process  of  degeneration  o(* 


uooo^ 
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tbues  the  cell  outline  ceases  to  be  visible,  the  nuclei  fade,  and  finally 
only  a  mass  of  debris  containing  isolated  nuclei  and  an  occasional 
cdl  remains. 

It  is  frequently  rather  difficult  to  make  a  difTerentiation  between  pU9 

CDtpusdes  and  certain  types  of  epithelial  cells  wbicli  arc  similar  in  form. 

Such  confusion  may  be  avoided  by  the  addition  of  iodine  solution  (I  in 

il),  a  reagent  which  stains  the  pus  corpuscles  a  deep  mahogany-brown 

transmits  to  the  epithelial  cells  a  light  yellow  lint.    The  test  pro- 

by  Vitali  often  gives  very  satisfactory  results.     This  simply 

nsists  in  addllying  the  urine  (if  alkaline)  with  acetic  add,  then  tilter* 

ing,  and  treating  the  sediment  on  the  tiltcr  paper  with  freshly  prepared 

Cincture  of  guaiac     The  presence  of  pu5  in  the  sediment  is  indicated 


Kic.  141. — Pus  COBVUECLTS.     (After  Vlltnhinn.) 

I,  Nofinali  a,  thowioK&nG^id  movemcntt;  3,  nuclr!  Tcndercii  iliitbct  by  acetic  add;  4, 
a*  otMcrved  in  chronic  pyelitis;  $,  swoUen  by  ammonium  carbonate. 

if  a  blue  color  is  observed.  I-argc  numbers  of  pus  corpusdes  are  present 
in  the  urinary  sediment  in  gonwrrhtca,  Icucorrhtra,  chronic  pyelitis, 
and  in  abscess  of  the  kidney.  In  addition  to  the  usual  constituents 
found  in  leucocytes  Mundel  and  Levene'  daim  that  pus  cells  contain 
glucol/iioftic  acid.    See  I'us  tests,  page  431. 

Casts. — These  are  cylindrical  formations,  which  originate  in  the 
urinifetous  tubules  and  are  forced  out  by  the  pressure  of  the  urin«. 
Thty  var>'  greatly  in  size,  but  in  nearly  every  instance  they  possess 
paralld  sides  and  rounded  ends.  The  finding  of  casts  in  the  urine  is 
veiy  important  because  of  the  fact  that  they  generaUy  indicate  some 
kidney  disorder;  if  albumin  accompanies  the  casts  the  indication  is 

■MkndclaiidLcvcDc;  B Uxhtmitf it  Ztittekrift,  t,  7i,  \ifai. 


46S 


PKVSIOLOCICAL   CHEMISTRY 


much  accentuated.  Casts  have  been  classified  according  to  their 
microscopical  characteristics  as  follows:  (a)  hyaline,  {b)  granular,  k\ 
epithelial,  (d)  blood,  (e)  fatty,  (J)  wnxy,  (j)  pus. 

(d)  Hyaline  Casts. — These  are  composed  of  a  basic  material  vbid 
i3  transparent,  homogeneous,  and  very  light  in  color  (Fig.  m 
In  fact,  chieHy  because  of  these  physical  properties,  they  are  llie 
most  difficult  form  of  renal  casts  to  detect  under  the  microBK^ 
Frequently  such  casts  are  impregnated  with  deposits  of  various  fonns. 
8Uch  as  erythrocytes,  epithelial  ceils,  (at  globules,  etc.,  thus  renderiDj 
the  form  of  the  cast  more  plainly  visibfe.     Staining  is  often  resorted 


Fl«.     I4.-.--lIVALI-Nt.    C**T». 

Out  cast  is  Impregnated  with  (our  rvnsl  nJlft. 


in  order  to  render  the  shape  and  character  of  the  cast  more  msEt 
determined.  Ordinary  iodine  solution  {I  in  KI)  may  be  used  in  tti' 
cotmection;  many  of  the  aniline  dyes  arc  also  in  common  use  fotltij 
purpose,  e.g.,  gentian- violet,  Bismarck-brown,  methylenc-blue,  fuchsm 
and  eosin.  Generally,  but  not  alwaj's,  albumin  is  present  in  urim 
containing  hyaline  casts.  Hyaline  casts  are  common  to  all  kidflc)' 
disorders,  but  occur  particularly  in  the  earliest  and  recovering  lUJK 
of  parcnchj-matous  nephritis  and  interstitial  nephritis. 

(A)  Granular  Casts.— -'Vhc  common  hyaline  material  is  ordinarily  ^ 
basic  substance  of  this  form  of  cast.  The  granular  material  gencriliy 
coasists  of  albumin,  cpilheia\  ceWa,  ia\,  o-c  &«Mv\.«iBtflA!td  ceythrocytfs 
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tcs,  the  chiiracter  of  the  cast  varying  according  to  the  nature 
And  size  of  the  granules  (Fig.  143,  and  Fig.  144,  page  470).  Thus 
we  have  casts  of  this  general  type  classified  as  fituly  granular  and 
coarsHy  gramilar  casts.  Granular  casts,  and  in  particular  the  finely 
granular  types,  occiu'  in  the  sediment  in  practically  every  kidney  dis- 
order but  are  probably  especially  characteristic  of  the  sediment  in  in- 
fUmmatory'  disorders. 

(c)  Epitheiuil  Casts. — These  are  casts  bearing  upon  their  surface 
^ithelial  cells  (rom  the  lining  of  the  uriniferous  tubules  (Fig.  145, 
>age  470).    The  basic  material  of  this  form  of  cast  may  be  hyaline  or 


^anular  in  nature.    Epithelial  casts  are  particularly  abundant  in  the 
Irinar^  sediment  in  acute  nephritis. 

(d)  Blood  Casts. — Casts  of  this  type  may  con&bt  of  erythrocytes 
wrnc  upon  a  hyaline  or  a  fibrinous  basis  (Fig.  146,  page  470).  The 
>ccurrence  of  such  casts  in  the  urinary  sediment  denotes  renal  hemor- 
hage  and  they  are  considered  to  be  especially  characteristic  of  acute 
Uffuse  nephritis  and  acute  congestion  of  the  kidney. 

(e)  Fatty  Casts. — Fatty  casts  may  be  formed  by  the  deposition  of 
at  globules  or  crystals  of  fatty  acid  upon  the  surface  of  a  hyaline  or 
granular  cast  (Fig.  147,  page  471).  In  order  to  constitute  a  true  fatty 
'.ast  the  deposited  material  must  cover  the  greater  part  of  the  surface 
irea  of  the  cast.    The  presence  of  fatty  casts  in  \H\nar^'  %iciii\w^«^,v&r 
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dicates  fatty  degeneraLion  of  the  kidney;  such  casts  arc  particalsrly, 
characteristic  of  subacute  and  chronic  inflammation  of  the  kidne>-. 


Fkj.  1 44,— GsANiruiB  Casts. 
a  RiwJy  gnnuUri    b,  coondy  gr«oul«r. 


Pig.  1 45.— ErmnLUL  Cmi. 


(/)  Waxy  Casts. — These  casts  possess  a  basic  substance  aaSis  I 
that  which  eaters  into  the  foundation  of  the  hyaline  form  of  cast, 


Fib.  146.— Blood,  Pi~s,  HYALDrx  axu  EptnULtAi  Casts. 
a.  Blood  owU;  b,  piucutj  <,  hyaline  ciitl  impregnated  with  ceaU  cells;  tf,  epithtU*! '"''' 

common  with  the  hyaUne  tj-pe  they  arc  colorless,  refractive  bodJc. 
but  differ  from  this  form  of  cast  in  being,  in  general,  of  greater  len?"' 
and  diameter  and  possessyng  abaivct  c»Mtl«v:4  and  a  light  yello*  ("l*. 


oRmE 


F».  147.— Fattt  Caits.     iAhtxPeytr.) 


Pio.  148-— Fativ  Ksa  W«v  Casik. 
a,  Falty  c*»t»;  ft,  »aiy  cmu. 
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(Fig.  148,  page  471).  Such  casts  occur  in  se^'crat  forms  of  nepfaridi, 
but  do  not  appear  to  characterize  any  particular  type  of  the  disonlrr 
except  amyloid  disease,  in  which  they  are  rather  common. 

(g)  Pus  Casts. — Casts  whose  surface  is  covered  with  pus  cefls  or 
leucocytes  are  termed  pus  casts  (Fig.  146,  p.  470).  They  arc  frequeniij 
mistakeo  for  epithelial  casts.  The  ditTerentiation  between  Okx  hro 
types  is  made  very  simple,  however,  by  treating  the  cast  with  aatic 
acid  which  causes  the  nuclei  of  the  leucocytes  to  become  plainly  ^-iabk. 
The  true  pus  cast  is  quite  rare  and  indicates  renal  suppuration. 

Cytindroids.^ — These  formations  may  occur  in  normal  or  patbolojial 
urine  and  have  no  particular  clinical  signiticancc.     They  are  frequentlt 
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mistaken  for  true  casts,  especially  the  hyaline  tj-pe,  but  they 
ordinarily  flat  in  structure  with  a  rather  smaller  diameter  than  > 
may  possess  forked  or  branching  ends,  and  are  not  composed  of  hotat- 
geneous  material  as  arc  the  hyaline  casts.  Such  "false  casts"  du]' 
become  coated  with  urates,  in  which  event  they  appear  granular  ii 
structure.  The  basic  substance  of  cylindroids  is  often  the  Dfxdtt- 
protein  of  the  urine  (Fig.  149,  above). 

Erythrocytes. — These  form  elements  are  present  in  the 
sediment  in  various  diseases.     They  appear  as  the  normal  biconcs* 
j-ellow  erythrocyte  (Plate  IV,  opposite  page  349}  or  may  culubit  certiiB 
modifications    in    form,    such    as    the    crenatcd    tj-pe     (Fig.    lyi 
which  is  often  seen  in  (Mnwawated  urine.     Under  different 
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tioDg  they  may  become  swollen  sufficiently  to  entirely  erase  the  bi- 
concave appearance  and  may  even  occur  in  the  form  of  colorless  spheres 
having  a  smaller  diameter  tlian  the  original  disc-shaped  corpuscles. 
Erythrocytes  are  found  in  urinary  sediment  in  hemorrhage  of  the 
kidney  or  of  the  urinary  tract,  in  traumatic  hemorrhage,  hemorrhage 
bam  congestion,  and  in  hemorrhagic  diathesis. 

Spermatozoa. — Spermatozoa  may  be  delected  in  the  xirinary  sedi- 
nent  in  dLscascs  of  the  genital  organs,  as  well  as  after  coitus,  nocturnal 
imissions,  epileptic,  and  other  convulsive  attacks,  and  sometimes  in 
evere  febrile  disorders,  especially  in  typhoid  fever.  In  form  they  con- 
ist  of  an  oval  body,  to  which  is  attached  a  long,  deUcatc  tail  (Fig. 
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5 1,  page  474).  Upon  examination  they  may  show  motility  or  may  be 
Qotionless. 

Urethral  Filaments. — These  are  peculiar  thread-like  bodies  which 
le  sometimes  found  in  urinary  sediment.  They  may  occasionally  be 
detected  in  normal  urine  and  pathologically  are  found  in  the  sediment  in 
Cute  and  chronic  gonnorrhtt-a  and  in  urcthrorrhcca.  The  ground-sub- 
tanoeof  these  urethral  filaments  is.  in  part  at  least,  similar  to  that  of  the 
ylindroids  (see  page  472)-  The  urine  first  voided  in  the  morning  is  best 
<lapted  for  the  examination  for  filaments.  These  filaments  may  ordi- 
«rily  be  removed  by  a  pipette  since  they  arc  generally  macroscopic. 

Tissue  Debris. — Masses  of  cells  or  fragments  of  tissue  are  frequently 
aand  in  the  urinary  sediment.  They  may  be  found  in  the  sediment  in 
ubercular  affections  of  the  kidney  and  urinary  tract  or  in  tumors  of 
hesc  organs.     Ordinarily  it  is  necessary  to  makft  a.  \itto\cii^«lk  %■».- 
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amiaation  of  such  tissue  fragments  before  coming  to  a  final  dedsionl 
to  their  origin. 

Animal  Parasites. — The  cysts,  booklets,  and  membrane  Hatis 
of  echinocoui  are  sometimes  found  in  the  urinary  sediments.  Ollrn 
animal  organisms  which  are  more  rarely  met  with  in  the  urine  arc  en- 
br)'og  of  the  Fiiaria  sanguinis  and  eggs  of  the  Disloma  henutlobtum  acd 
Ascarides.  Animal  parasites  in  general  occur  most  frequently  in  t^ 
urine  Ed  tropical  countries. 

Micro-organisms. — Bacteria  as  well  as  yeasts  and  moulds  are  frt- 
quenlly  detected  in  the  urine.  Both  the  pathogenic  and  non-pjlbfr 
genie  forms  of  bacteria  may  occur.  The  non-pathogenic  fonns  mixl 
frequently  observed  are  micrococcus  urue,  hacUlus  urea,  and  thpkjh- 
coccus  urea  tiquefadens.    Of  the  pathogenic  forms  many  ha\'e  bed 
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observed,  e.g.,  BacUrium  Colt,  typhoid  bacillus,  tttbcrcle  bacillus,  fW' 
coccus,  bacillus  pyocyaneus,  and  proleus  vulgaris.  Yeast  and  mould* 
arc  most  frequently  met  with  in  diabetic  urine. 

Fibrin. — Following  hematuria,  Bbrin  dots  are  occasionally  ob- 
served in  the  urinary  sediment.  They  are  generally  of  a  scmi-gehtin- 
ous  consistency  and  of  a  very  light  color,  and  when  examined  undet 
the  microscope  they  are  seen  to  be  composed  of  bundles  of  blghl)'  it- 
fractive  fibers  which  run  parallel. 

Foreign  Substances  Due  to  CootaminatioD. — Such  foreign  sob- 
stances  as  ^bers  of  silk,  linen,  or  wool;  starch  granules,  hair,  fat,  utd 
sputum,  as  well  as  muscle  fibers,  vegetable  cells,  and  food  particles,  m 
often  found  in  the  urine.  Care  should  be  taken  that  these  tomp^ 
substances  are  not  mistaken  for  any  of  the  true  sedimentary  coo- 
stituents  already  mentioned. 


CHAPTER  XXV 

inUNE:  CALCinJ 

Ueinasy  calculi,  also  called  concretions,  or  concremenls  are  solid 
masses  of  urinary  sediment  formed  in  some  part  of  the  urinary  tract. 
They  vary  in  shape  and  size  according  to  tiieir  location,  tiie  smaller 
calculi,  termed  sand  or  gravel,  in  general  arising  from  the  kidney  or  the 
pelvic  portion  of  the  kidney,  whereas  the  large  calculi  are  ordinarily 
formed  in  the  bladder.     There  are  two  general  classes  of  calculi  as 
regards  composition,  i.e.,  simple  and  compound.    The  simple  form  is 
made  up  of  but  a  single  constituent,  whereas  the  compound  type  con- 
tains two  or  more  individual  constituents.    The  structural  plan  of 
[nost  calculi  consists  of  an  arrangement  of  concentric  rings  about  a 
central  nucleus,  the  number  of  rings  frequently  being  dependent  upon 
the  number  of  individual  constituents  which  enter  into  the  structure 
of   the  calculus.    However,  layers  quite  different  in  macroscopical 
Eippearance  may  be  aJmost  identical  in  composition.     In  case  two  or 
more  calculi  unite  to  form  a  single  calculus  the  resultant  body  will 
obviously  contain  as  many  nuclei  as  there  were  individual  calculi 
concerned  in  its  construction.    Under  certain  conditions  the  growth  of 
a  calculus  will  be  principally  in  only  one  direction,  thus  preventing 
the  nucleus  from  maintaining  a  central  location.     The  qualitative 
composition  of  urinary  calculi  is  dependent,  in  great  part,  upon  the 
reaction  of  the  urine,  e.g.,  if  the  reaction  of  the  urine  is  acid  the  calculi 
present  will  be  composed,  in  great  part  at  least,  of  substances  that  are 
capable  of  depositing  in  acid  urine,  e.g.,  uric  acid,  urates  and  calcium 
oxalates. 

According  to  Ultzmann,  out  of  545  cases  of  urinary  calculus,  uric 
add  and  urates  formed  the  nucleus  in  about  81  per  cent  of  the  cases; 
earthy  phosphates  in  about  9  per  cent;  calcium  oxalate  in  about  6  per 
cent;  cystine  in  something  over  i  per  cent,  while  in  about  3  per  cent 
of  the  cases  some  foreign  body  comprised  the  nucleus. 

More  recent  analyses'  of  twenty-four  calculi  showed  the  nucleus  in 
75  per  cent  of  them  to  be  calcium  oxalate  (60  per  cent)  and  in  25  per 
cent  to  be  phosphate  (56  per  cent).  All  of  the  calculi  contained  some 
uric  add  and  urates,  but  only  three  gave  more  than  10  per  cent. 

t  EahnaudRoMiiblooiii:  Jour.Am.Mtd.  Asi'n,  sg,  3151,  tgij. 
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In  the  chemical  examination  of  urinary  cftlcult  the  most  valuable 
data  arc  ohtaincd  by  subjecting  each  of  the  concentric  layers  of  the 
calculus  to  a  separate  analj-sis.  Material  for  examination  may  be 
conveniently  obtained  by  sawing  the  calculus  carefully  through  tbe 
nucleus,  then  separating  the  various  layers,  or  by  scraping  off  from 
each  layer  (without  separating  the  layers)  enough  powder  to  conduct 
the  examination  as  outlined  in  the  scheme  (see  page  477). 


Varieties  of  Calculus 


conduct   1 


Uric  Add  and  Urate  Calculi — Uric  acid  and  urates  constitute  tbe 
nuclei  of  3  large  proportion  of  urinarj'  concretions.  Such  ston»  art 
always  colored,  the  tint  varying  from  a  pale  yellow  to  a  brownish-red. 
Tht  surface  of  such  calculi  is  generally  smooth  but  it  may  be  rou^ 
and  uneven. 

Phosphatic  Calculi.— Ordinarily  these  concretions  consist  prio- 
dpally  of  "triple  phosphate"  and  other  phosphates  of  the  alkaline 
earths,  with  very  frequent  admixtures  of  urates  and  oxalates.  The 
surface  of  such  calculi  is  generally  rough  but  may  occasionally  be  rather 
smooth.  I'he  calculi  arc  somewhat  variable  in  color,  exhibiting  gray, 
while,  or  yellow  tints_  under  different  conditions.  When  compoMd  of 
earthy  phosphate.^  the  calculi  arc  characterized  by  their  friability. 

Calcium  Oxalate  Calculi—This  is  the  hardest  form  of  calculus 
to  deal  with,  and  is  rather  difficult  to  crush.  They  ordinarily  occur 
in  two  general  forms,  i.e.,  the  small,  smooth  concretion  which  is  char- 
acterised as  the  hemp-stfd  calculus,  and  the  medium-wzcd  or  large  slooe 
possessing  an  extremely  uneven  surface,  which  is  generally  da5»d  a* 
a  mtilberry  calculus.  This  roughened  surface  of  the  latter  form  of 
calculus  is  due,  in  many  instances,  to  protruding  caldum 
crystals  of  the  octahedral  type. 

Caldinn  Carbonate  Calculi. — Caldum  carbonate  concretions 
quite  common  in  herbivorous  animals,  but  of  exceedingly  rare  oc 
rence  in  man.    They  are  generally  small,  white,  or  grayish  caloilii 
spherical  in  form  and  possess  a  hard,  smooth  surface. 

Cystine  Calculi.-  The  cystine  calculus  is  a  rare  variety  of  ca 
Ordinarily  they  occur  as  small,  smooth,  oval,  or  cylindrical  concrctio 
which  arc  white  or  yellow  in  color  and  of  a  rather  soft  consistency. 

Xanthine  Calculi. — This  form  of  calculus  is  somewhat  more 

than  Uie  cystine  type.    The  color  may  vary  from  white  to  brofl 

yellow.     Very  often  uric  add  and  urates  are  assodated  with  xantKw 

in  this  type  of  calculus.     Upon  rubbing  a  xanthine  calculus  it  has  lh« 

property  of  assunung  a  wax-likt  apv^*'''^''^^- 
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Urostealith  CalculL — This  form  of  calculus  is  extremely  rare. 
Such  concretions  are  composed  principally  of  fat  and  fatty  add.  When 
moist  they  are  soft  and  elastic,  but  when  dried  they  become  brittle. 
Urostealiths  are  generally  light  in  color. 

Fibrin  CalculL — Fibrin  calculi  are  produced  in  the  process  of  blood 
coagulation  within  the  urinary  tract.  They  frequently  occur  as  nudd 
of  other  forms  of  calculus.    They  are  rarely  found. 

Cholesterol  Calculi. — An  extremely  rare  form  of  calculus  somewhat 
resembling  the  cystine  type. 

Indigo  Calculi. — Indigo  calculi  are  extremely  rare,  only  two  cases 
having  been  reported.  One  of  these  indigo  calculi  is  on  exhibition  in 
the  museum  of  Jefferson  Medical  College  of  Philadelphia. 

The  scheme,  proposed  by  Heller  and  given  on  page  477,  will  be 
found  of  much  assistance  in  the  chemical  examination  of  urinary  calculi. 


CHAPTER  XXVI 

URINE :  QUANTITATIVE  ANALYSIS 

In  analyzing  a  normal  or  pathological  urine  quantitatively  for 
jiy  of  its  constituents  it  is  particularly  necessary  that  the  complete 
ind  exact  24-hour  sample  be  obtained.  For  directions  with  regard  to 
he  collection  and  preservation  of  urine  for  analysis  see  Chapter 
CXI  on  General  Characteristics  of  Normal  and  Pathological  Urine, 
tiethods  for  the  determination  of  the  specific  gravity  of  the  urine  are 
lIso  there  described.  Before  any  urine  is  taken  for  analysis  its  total 
rolume  should  be  measured,  using  a  large  graduated  cylinder,  and  this 
rolume  is  thereafter  taken  as  a  basis  for  the  calculations  of  the  daily 
mtput  of  the  individual  constituents  determined.  If  the  urine  be 
>athological  it  is  of  course  necessary  to  precede  its  quantitative 
inalysis  by  qualitative  tests  for  the  pathological  constituents. 

Acidity  by  Titration 

Folin's  Method. — Principle. — The  urine  is  titrated  with  standard 
■odium  hydroxide  solution,  using  phenolphthalein  as  an  indicator. 
Potassium  oxalate  is  added  to  precipitate  the  calcium  which  would 
)therwise  interfere  with  the  end-point  due  to  the  precipitation  of  calcium 
ihosphate  on  neutralization  of  the  urine.  The  acidity  of  the  urine  as 
ietermined  in  this  way  is  not  a  correct  measure  of  the  true  acidity,  which 
s  dependent  upon  the  concentration  of  hydrogen  ions.  The  results 
>btained  do,  however,  ordinarily  show  a  certain  parallelism  with  the 
lydrogen  ion  concentration  and  are  of  value  for  comparative  purposes. 

Procedore. — ^Place  25  cc  of  urine  in  a  200  c.c.  Erlenmeyer  flask  and  add 
15-20  gnnu  of  finely  pnlTeilzed  potassium  oxalate  and  1-3  drops  of  a  i  per  cent 
phenolphthalein  solutioo  to  the  fluid.  Shake  the  mixture  vigorously  for  1-2 
ninntes  and  titrate  it  immediately  with  N/io  sodium  hydroxide  until  a  faint  but 
nuniBtakable  pink  remains  pennanent  on  further  shaking.  Take  the  burette 
nading  and  calculate  the  acidity  of  the  urine  under  examination. 

Calculation. — ^If  y  represents  the  number  of  cubic  centimeters  of  N/io  sodium 
tjixtadde  used  and  y'  represents  the  volume  of  urine  excreted  in  34  hours,  the 
Otal  acidity  of  the  34-hour  urine  specimen  may  be  calculated  by  means  of  the 
(dlmring  proportion: 
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25:71:7' :z  (addity  of  34-h(nir  urine  ozpressed  in  cubic  centimeters  of  N/io 

sodium  t^drozide). 

Each  cubic  centimeter  of  H/io  sodium  hydroxide  contains  0.004  gram  cf 
Bodium  hydroxide,  and  this  is  equivalent  to  0.0063  gram  of  oxalic  add.  Then- 
fore,  in  order  to  express  the  total  acidlQ'  of  the  a4-hour  urine  spedmen  In  eqmn- 
lent  grams  of  sodium  hydroxide,  multiply  the  value  of  x,  as  Jtut  detomioad, 
by  0.004,  o'  multiply  the  value  of  x  by  0.0063  if  it  is  desired  to  express  tiu  total 
addity  in  grams  of  oxalic  add. 

Interpretation. — (Under  the  heading  "Interpretation"  there  will 
be  found,  in  connection  with  the  various  quantitative  methods  which 
follow,  brief  notes  as  to  the  possible  signiEcance  of  the  results  ob- 
tained. For  some  further  points  (and  reference  to  literature)  see  the 
chapters  on  the  Normal  and  Pathological  Constituents  of  Urine  and 
on  Metabolism.  Consult  text-books  on  physiological  chemistry  and 
clinical  diagnosis  for  complete  discussion).  The  acidity  of  the  urine 
expressed  in  cubic  centimeters  N/io  alkali  required  to  neutralize  the 
24-hour  output  varies  ordinarily  from  200  to  500  under  normal  con- 
ditions with  an  average  of  perhaps  350.  It  is  dependent  almost 
entirely  upon  the  diet,  being  low  on  a  vegetable  (base-forming  diet) 
and  high  on  a  diet  containing  much  meat,  rice,  whole  wheat  products, 
fruits  containing  benzoic  acid,  as  prunes  and  cranberries,  etc.  (acid- 
forming  foods).  On  the  administration  of  15  grams  of  sodium  bicar- 
bonate it  may  go  down  to  100;  the  ingestion  of  much  add-fonning 
food  may  increase  it  to  600.  In  fasting  it  may  rise  in  a  few  days  to 
Soo.  It  must  be  borne  in  mind  that  acidities  of  less  than  250  usually 
indicate  a  true  alkalinity  of  the  urine  inasmuch  as  phenolphtbaldn 
changes  in  an  alkaline  solution.  Samples  of  urine  collected  portly 
after  a  meal  may  be  alkaline  due  to  the  so-called  "alkaline  tide." 

Bacterial  decomposition  of  the  urea  of  the  urine  occurring  in  tite 
urinary  tract  will  increase  the  amount  of  ammonia  and  decrease  tbt 
acidit)-  of  the  urine.  The  same  change  usually  occurs  in  urine  left  in 
contact  with  the  air.  The  acidity  of  the  urine  is  increased  in  acidoss, 
cardio-renal  and  certain  other  disorders.  The  acidity  of  the  urine 
may  be  somewhat  increased  by  administration  of  mineral  adds,  add 
phosphates,  or  benzoates,  but  it  is  much  more  difficult  to  increase  than 
to  decrease  this  acidity. 

Hydrogen  Ion  Concentration  or  True  Addi^ 

Indicator  Method  (Henderson  and  Palmer's  Adiqttation  vi  SBtta- 
sen's  Method),'— /■riwc/'/'/c.—The  reaction  of  the  urine  is  estimated 
'  Hendfrson  and  Palmer:   Tout.  Biol.  Clwm.,  ij,  iiiJiiqiV 
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by  matching  the  colors  produced  when  a  few  drops  of  indicator  arc  added 
respectively  to  the  diluted  urine  and  to  standard  solutions  of  known 
reaction  similarly  diluted.  Similar  hydrogen  Ion  concentrations 
are  indicated  by  similar  colors.  The  indicator  must  be  properly 
chosen. 

Standard  Solutions. — A  series  of  standard  solutions  of  known  hy- 
drogen ion  concentration  mu.<>t  be  prepared.  'Ilie  solutions  as  indi- 
cated in  Table  I  (page  482)  arc  satisfactor>'  for  urine  analj-^is.  The 
table  also  indicates  the  H  ion  concentration  of  each  solution,  the  figure 
^ven  being  the  logarithm  of  this  concentration  (Ph+)-  It  is  more 
convenient  and  rational  to  express  the  concentration  by  this  logarithmic 
notation.  True  H  ion  conct-ntrations  corresponding  to  the  logarithmic 
figures  are  given  in  Table  II  {page  484). 

The  13  solutions  indicated  arc  made  up  by  mixing  equal  volumes 
of  their  ingredient  solutions  of  the  composition  indicated.  Solutions 
4  to  13  are  all  that  are  ordinaril}'  required  as  the  normal  urinary  H 
ion  concentrations  lie  between  4.80  and  7.50  and  pathological  variations 
are  usually  within  these  limits.  The  mean  normal  value  is  almost 
exactly  6.00. 

Proc»]ure.^ — Select  eleven  350  c.c.  flasks  of  good  glass  and  indistinguishabls 
b  color  Mud  form.  Into  ejicb  often  of  these  in  troduc«  loc.c.  of  the  various  stand* 
aid  solutions.  Make  up  to  250  cc.  with  dt&tilled  water  and  add  to  each  exactly  the 
same  amount  of  an  aqueous  solution  of  sodium  aliiarine  sulphonate  iio-is  dixips). 
Mix  well  b;  inverting.  Introduce  to  c.c.  of  the  urine  to  be  tested  into  a  similar 
150  c.c.  flask,  dilute  and  add  indicator  in  exactly  the  same  way  as  before.  Match 
the  color  of  the  diluted  urine  solution  with  one  of  the  standard  solutions.  Bj 
ooosultiag  Table  II  (page  483)  determine  to  what  H  ion  concentration  this  corre- 
ipondi.  This  table  points  out  the  indicators  to  be  used  for  dillerent  ranges  of 
acidity.  From  5.3-^.7  ^-nitrophenol  is  satisfactory  and  is  used  in  the  same  way 
aa  allxaiin  except  that  it  must  be  present  in  concentration  of  0.08  per  cent. 
Hvutral  red  is  used  in  the  same  way  for  acidities  from  6.7-7.5  "bout  1.5  cc  of 
tha  I  p«r  cent  solution  being  required.  For  acidities  greater  than  5.5  methyl  red 
b  used  In  the  following  way :  10  cc.  portions  of  the  standard  solutions  ate  intro- 
duced into  carefully  selected  colorless  test-tubes  and  10  cc  of  urine  is  introduced 
into  another  tube.  The  standard  solutions  are  then  colored  to  match  tlte  urine 
by  the  addition  of  smalt  amuunts  of  ^-nitiopbenol,  methyl  orange,  at)2ArinD  or 
Usmark  brown.  Then  to  standnrd  solutions  and  urine  add  0.15  c.c.  of  a  satu- 
rated aohjtion  in  $0  per  cent  alcohol,  of  methyl  red  and  match  the  colors.  For 
coacentrations  of  7.5-9.17  or  less  undiluted  urine  is  matched  in  test-tubes  against 
undiluted  standard  solutions,  using  phenolphthalein  as  an  indicator  ^without 
previous  coJoratttm  of  standard  solution).  In  all  cases  eslimalionB  are  made  in 
duplicate. 
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Log 

4-6 
4.8 

S-a 
5-4 
S-6 

5.8 
6.0 
6. a 


TABLE  I 


NaH,PO. 

a. 0001  N 

o.oooi  N 
o.oiti6  N 
o.ooio  N 
o.ooio  N 


NfttHPO. 

o.iooo  N 
0.0480  N 
o.oiao  K 
0.0833  N 
0.0060  N 
0.0013  N 


CH^OOH        CHrf;OONft 


0.0009  N 

o.  0013  N 
0.0046  N 
0.0092  N 
a.o33oN 

0.0460  N 
0.0920  N 


0.0930  N 
0.0910  N 

0.0930  N 
0.0910  N 
o.ogao  N 
o.ogao  N 

0.0920 N 


+ 
H 

ajoXio-'. 

160X10-' 

looXio-* 
63X10-' 
40X10-' 
25X10-^ 
16X10-T 
10X10-' 

6.3X10-' 


IndicAtor 


PliciiolphUuJdn 
Neutnlied 


6.7a 
6.30 
6.00 
5  70 
S.30 
4.90 
4.70 

TABLE  U 


[Methyl  red 


Log 

6.4 
6.6 
6.8 
7.0 
7. a 
7.4 
7.6 
7-8 
S.o 


Sodium  iluuiot 

■UlphlKllU. 


+ 

H 

4.0  XW 
a.S  XW 

1.6  Xio-" 
1.0  Xkt" 
o.63Xiir' 
0,40X10"' 
0.35X10-' 
0.16X10-' 
o.ioXio"' 


Interpretation. — The  H  ion  concentxation  of  the  urine  is  influuiad 
by  the  same  factors  as  the  titratabte  acidity  (see  page  480).  The 
normal  values  lie  between  4.80  and  7.50  with  a  mean  value  of  almost 
exactly  6.00.  For  vegetarians  the  mean  value  is  about  6.64.  la 
cardio-renal  disorders  the  mean  is  5.3.  In  most  pathological  condition 
the  hydrogen  ion  concentration  is  increased. 


Total  Solids 

I.  DrTiog  Method. — Place  5  c.c.  of  urine  in  a  weighed  shallow  diih,  tdSj 
very  sligktiy  vhh  acetic  acid  (1-3  drops),  and  dry  it  m  mcim  in  the  presence  of  id- 
phuric  acid  to  constant  weight.  Calculate  the  percentage  of  solids  in  the  udK 
sample  and  the  total  solids  for  the  24-hour  period. 

Interprelation. — The  average  excretion  of  total  solids  by  a  normal  adult  mil  i> 
about  70  grams.  It  is  largely  dependent  upon  the  protein  and  salts  of  the  &>■ 
It  may  be  decreased  in  severe  nephritis  due  to  impaired  excretion,  and  greatly  o- 
crcased  in  diabetes  with  high  sugar  elimination. 

Practically  all  the  methods  the  technic  of  which  includes  evaporation  tt  U 
increased  temperature,  either  under  atmospheric  conditions  or  in  vacuo,  are  itttnW 
with  error. 

Shackell's  method'  which  entails  the  vacuum  desiccation  of  the  frozen  sio^ 
is  extremely  satisfactor>-  and  should  be  used  in  all  biological  work  where  thegnl' 
est  accuracy  is  desired. 

'Shackell;  AmerUin  J ournaX  0/  Phjsiolosv.  »*.  S^^.^Vi 


UHISE 


4»i 


'  a.  CikulatioD  b;  Long't  Codficknt— Tlic  quantit}-  of  ^id  matcrittl  contained 
D  tbc  urine  Mcrctcd  (or  aay  >4-bour  period  may  be  approximalety  compuud  l>y 
aitlUplyiag  the  secood  and  third  decimal  lij[ur«*  of  the  tpccilic  sravity  by  1.6. 
TtiM^vexxuthenuti^rref  grams  of  udid  mutter  in  i  liter  of  urine.  From  this  value 
be  total  solids  for  tb«  34*bour  period  may  easily  be  <1etermiRed. 

Calcination. — If  tti«  volume  of  urine  for  ihe  34  hours  was  i  ija  c.c.  and  the  ape- 
ific  gravity  1.018.  the  calculalioti  vould  be  as  foUows: 

(a)  18X3.6 '■46.8  grams  of  solid  matter  in  1  liter  of  urine. 

,..  46.8X11JO  .     1-j       .      ■  I     ■ 

{0)  -.      =53-4  grams  of  solid  matter  in  iiao  c.c.  of  unnc. 

Long's  coefficient  mis  determined  for  urine  whose  Specific  gravity  iras  taken 
t  3i''C  and  is  probably  more  accurate,  for  condilioRk  obtaining  in  America,  than 
M  older  coefficient  of  Ilacscr,  i-n. 

InUrpretalim. — S«c  above. 


I 


Total  Nitrogen 


I.  Kjeldahl  Method.' — Prindple. — ITie  principle  of  this  method  is 
le  conversion  of  the  various  nitrogenous  bodies  of  the  urine  into  ajn- 
lonium  sulphate  by  boiling  with  concentrated  $ul- 
buric  acid,  the  subsequent  decomposition  of  the 
ounonium  sulphate  by  means  of  a  fixed  alkali 
liaOH)  and  the  collection  of  thir  liberated  ammonia 
I  tui  add  of  known  strength.  Finally,  this  partly 
ratralized  acid  solution  is  titrated  with  an  alkali 
known  strength  and  the  nitrogen  content  of  the 
ine  under  examination  computed. 

Procedure.— Place  5  c.c.  of  urine  in  a  500  c.c.  long- 
«ked  Jena  glass  Kjeldahl  flaRk.  add  jo  c.c.  of  concen-  priiE'^WaBKr 
ited  sulphuric  acid  and  about  0.1  gram  of  copper  sulphate 
id  boil  the  mixture  for  some  time  after  it  is  colorless  (about]  one  hour).  If 
suitable  hood  or  fume  chamber  is  not  available  the  sulphuric  acid  vapors  may 
1  carried  away  by  suction.  Connect  the  outlet  tube  of  a  3-3  hter  wash  bottle 
led  with  caustic  soda  solution  with  a  suction  pump.  The  inlet  tube  is  connected 
th  a  Fclin  fume  absorption  tube  such  as  illustrated  in  Fig.  153.  If  such  a  tube 
not  at  hand  a  small  funnel  may  be  attached.  The  absorption  tube  is  placed 
>8elj  over  the  mouth  of  the  digestion  flask  and  a  constant  current  of  air  drawn 
rough  the  apparatus. 

Allow  the  flask  to  cool  and  dilute  the  contents  with  about  100  c.c.  of  am- 
Boia-free  water.  Add  a  little  more  of  a  concentrated  sohition  of  NaOH  than  is 
iCffssary  to  neutralize  the  sulphuric  acid'  and  introduce  into  the  flask  a  little 
arse  pumice  stone  or  a  few  pieces  of  granulated  zinc,'  to  prevent  btunping,  anda 

■  There  arc  numerous  miMlifirBtioat  of  the  originBl  Kjeldahl  method;  the  one  dracribcd 
re,  however,  ha*  t^vai  exccUmi  Mil^action  and  la  reconunvnijcd  loi  Uie  drtcrrainnlioa  of 
t  nitrogen  content  at  urine. 

*Thi»  concentrated  kkUuid  hyilrniidc  solution  should  be  prepared  in  quantity  and 
heck"  Icita  made  to  di-ir(iii'iiic  (lit-  ^^Jumc  of  the  aolullon  necessary  to  neulroliie  the 
lume  (10  t:.c.)  of  conceuli'icd  sulphuric  ;icid  used. 
^Powdered  line  ma/ be  *ub»tiiuted. 
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saiall  piece  of  paraffin  to  lessen  tbe  lendenqr  to  fiotb.  B7  meaos  of  a  safety- 
tube  connect  tbe  Ha&k  witb  «  coudenser  so  arranged  (hat  the  delivery-tube  piswi 
Into  a  vessel  contaiainf  a  known  vohime  (the  volume  used  depending  upoo  the 
nitrogen  content  of  the  urine)  of  N/'io  sulphuric  acid,  using  care  (hat  the  end  d 
the  delivery-lube  reaches  beneath  the  surface  of  the  fluid.'  Mix  the  C^>BtwHl 
of  the  distillation  flask  verj-  thoroughly  by  shaldnf  and  distil  the  mixture  DOfl 
its  volume  has  diminished  about  one-half.  Titrate  the  partly  neutralized  H/n 
sulphuric  acid  solution  by  moans  of  N.io  sodium  hydroxide,  using  congoredtt 
indicator,  and  calculate  the  content  of  nitrogen  of  the  urine  examined. 

Calculation. — Subtract  the  number  of  cubic  centimeters  of  H/10  sodian 
hydroxide  used  in  tbe  titration  from  the  number  of  cubic  centimeteis  of  H;  to 
sulphuric  acid  taken.  The  remainder  is  equivalent  to  the  number  of  cubic  c«fli- 
meters  of  H,  10  sulphuric  acid,  neutraliied  by  the  anmumia  of  the  mine.  Ofle 
c.c.  of  N/'io  sulphuric  add  is  equivalent  to  0.0014  pam  of  nitrogen.  TbtRfonb 
if  y  represents  the  volume  of  urine  us«d  in  the  determination,  and  y'  tbe  omnte 
of  cubic  centimeletg  of  N.  10  sulphuric  acid  neutraliied  by  the  ammonk  of  tt* 
urine,  wo  have  the  following  proportion : 

jr:ioo::y'Xo.ooi4:z  (percentage  of  nitrogen  in  the  urine  examined). 

Calculate  the  quantity  of  nitrogen  in  tbe  34-houT  urine  specimen. 

Interpretation. —An.  adult  of  incdium  size  on  a  mixed  diet  nill  tistulh' 
excrete  12-18  grams  of  mtrogen  per  day.  It  varies,  however,  aimosl 
directly  with  the  protein  ingestion  and  hence  usually  runs  paralld  I" 
the  excretion  of  urea  (sec  page  493).  In  a  normal  adult  tlie  lota) 
nitrogen  of  the  feces  and  of  the  urine  will  often  be  almost  exictiy 
equal  to  the  total  nitrogen  of  the  food.  Such  a  condition  is  caM 
"nitro^jcn  equilibrium."  The  feces  usually  contain  very  little  nitn^o. 
(See  also  Ammoni.^,  Creatinine,  etc.) 

Calculation  of  Percentage  SHrogen  Dislribultcn. — In  modem  metai* 
lism  studies  where  the  various  forms  of  nitrogen  are  determined,  in 
addition  to  the  total  nitrogen  as  yielded  by  the  Kjeldahl  method,  it  g 
cusiomai^  to  indicate  what  portion  of  the  total  nitrogen  was  present  in 
the  form  of  each  of  tbe  individual  nitrogenous  constituents.  Tkst 
percentage  values  are  secured  by  dividing  the  weight  (gmns)  tt 
nitrugi-n  excreted  for  the  day  in  the  form  of  each  individual  aitrogauw 
constituent  by  the  weight  of  the  total  nitrogen  output  for  the  su* 
period.  I-or  example,  if  the  total  mtrogen  excretion  is  9.814  paK 
and  the  excretion  of  urea-nitrogen  is  8.520  grams  and  the  excitlKiS 
of  nitrogen  in  the  forms  of  ammonia  and  creatinine  arc  0.271  gramani 
0.63Q  gram  respectively,  the  percentage  distribution  for  these  forms  (f 
nitrogen  would  be  calculated  as  follows: 

8.510  icrauis  urea-nitrosca  *■  g.Si4  grsms  total  nitrogea  —  S4.jp«rctiil 

0.171  gtam  uiifDOula-tilltecen    ■*■  0.814  kihhih  total  nitrogen  —     i.ypcrccM 
o.bjQ  gram  crcatinine-nitrogcn  ■•-  9.8:4  grim*  total  aitiogcn  •■     A.jpcrocil 

'  Tbia  if eli very- lube  should  be  of  Urge  caliber  in  order  to  amid  the  "Mckioc  bK^" 
0/  ihc  fluid. 
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Nitrogen  Pattitiott  m  Urines  Contaimng  Albumin. — If  the  urine  to 
be  tested  contains  ulbutnln  this  must  be  removuil  bfforc  an  attempt  at 
a  nitrogen  partition  is  made,  'i'his  may  be  done  by  heating  to  boil- 
ing, acidifying  with  acetic  acid  to  coagulate  the  protein,  filtering  and 
maJiing  up  the  filtrate  to  the  original  volume  of  the  urine,  If  very  small 
amounts  of  albumin  are  present  this  is  attendetl  with  difficulty.  In 
these  cases  Tracy  and  Welkcr^  have  suggested  the  use  of  aluminium 
hydroxide  cream.  It  apprently  removes  none  of  the  nitrogenous  con- 
stituents of  normal  urine. 

Procedure. — One  liter  of  unne  (conlainiiig  not  Dver  i  per  cent  of  lilbumin) 
is  mixed  with  one  liter  of  alumiotum  cream'  and  filtered. 

2.  Folin-Farmer  Microchemical  Method.'— /*mi«>if.— This 
method  belongs  with  the  so-called  microchemical  methods  inasmuch  as 
it  is  adapted  to  the  determination  of  amounts  of  nitrogen  in  the  neigh- 
borhood of  I  mg.  while  in  the  ordinary  Kjeldahl  procedure  30-100  mg. 
of  nitrogen  arc  generally  .manipulated.  One  c.c,  of  diluted  urine  is 
decomposed  with  sulphuric  acid  as  in  the  Kjeldahl  method,  the  am- 
monia fonncd  is  set  free  by  the  addition  of  alkali  and  carried  over  into 
an  acid  solution  by  means  of  a  current  of  air.  The  ammonia  solution 
is  then  treated  with  the  Ncsslcr- Winkler  reagent  and  the  color  produced 
compared  with  that  of  a  standard  solution  of  an  ammonium  salt 
treated  in  the  same  way, 

Coiorimtter. — For  this  method  as  well  as  for  a  number  of  other 
methods  commonly  used  in  urinary  and  blood  analysis  an  instrument 
known  as  a  colorimeter  is  required.  Through  its  aid  we  are  able  ac- 
curately to  measure  the  respective  depths  of  color  in  two  solutions  .and 
hence  to  calculate  the  comparative  amounts  of  substances  which  form 
colored  compounds  in  a  quantitative  manner.  The  most  satisfactory 
instrument  for  this  purpose  is  the  Duboscq  colorimeter  (see  Fig.  153, 
page  486).  This  enables  the  two  colored  solutions  to  be  compared  in 
the  same  optical  Held  and  with  a  degree  of  accuracy  of  about  i  per 
cent.  ']''hc  later  t>-pc  of  the  Duboscq  colorimeter  with  cylinders  instead 
of  prisms  movable  is  to  be  preferred,  particularly  as  Uiis  type  may  be 
readily  adapted  to  the  comparison  of  cloudy  solutions  or  suspensions, 
the  instrument  thus  modified  being  called  a  nephelometer  (see  Fig.  83, 
page  291).     In  this  later  form  of  colorimeter  the  depths  of  the  colored 

I  Tmcy  uid  WcUcec:  Jour.  Bbl.  Ckrm.  ti,  si.  1915;  Vat  other  applications  a(  du- 
nlniom  Jiydroxide  prccipilKtiOD  of  colloidt,  sec  Wclkcc  ftnd  AtartiiKll,  J.  Am.  Chrm.  Sue., 

'  AluBiinium  Uydr^iride  Crtam. — To  ai  i  pw  cent  wlutiou  ot  ammonium  alum  at  coom 
tMnpttalurr  aijil  a  flight  exccw  o(  a  1  pet  cent  «(ilut)oa  of  immotiiiini  hydroxide.  Watb  by 
decantaiion  unlll  the  tnah  water  thowg  only  tlie  t&intcbt  tr»cc  ol  reuduc  on  evftporaiioit. 
Suonscr  Mlutions  should  not  t>e  M^fti. 

^*  Folin  and  Parmer:  Jetir.  Biel.  Ckem.,  1 1,  49J,  i^ij. 
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sdutioQs  through  which  the  light  passes  are  TCgu]atc<l  hy  raising  oc 
lowering  the  cups  and  are  accurately  indicated  in  millimeters  on  t 
vernier  scale  at  the  back  of  the  instrument.  The  standard  solatjui  b 
placed  at  any  convenient  depth  and  the  color  of  the  solution  to  be  ex- 
amined is  matched  nith  it  by  raising  or  lowering  cups.  Wlien  the  color 
is  of  the  same  intensity  as  the  standard  the  depth  of  the  solution  il 
read.  The  amounts  of  the  colored  substance  in  solution  are  inversely 
pri^K>rtional  to  the  depths  of  the  columns  of  fluid.  Thus  if  the  stondsid 
Is  set  at  lo  mm.  and  the  solution  under  examination  has  the  same  < 


Flo.  iSJ.— Uimosco  CoLOKUETEH. 

density  at  20  mm.  the  latter  has  just  one-half  the  concentration  of  tlw 
standard. 

A  large  nuinher  of  other  colorimeters  ha^'e  been  devised  uul 
may  be  used  in  place  of  the  Duboscq.  Most  of  these  though  less  a- 
peoave  than  this  instrument  are  also  less  accurate.  The  Heiiige 
colorimeter  has  been  recommended,  particularly  for  clinical  dfr 
terminations  by  Myers  and  Fine.'  Kober  has  devised  a  combined 
colorimeter  and  nephclomctcr  which  may  be  obtained  in  this  countt)' 
(see  page  293).     For  merely  approximate  determinations  the  color 

'  Myers  aad  Fine:  Petl-graduolt,  i9H-vq\v 
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coiiq>aiisons  may  b«  made  directly  with  a  series  of  colored  standards  of 
varying  strengths  made  up  in  exactly  similar  test-tubes  or  small  flasks. 

K  Procedure. — Introduce  5  cc  at  urine  Into  a  50  c.c.  volumetric  fUsk  if  the 
^edfic  gravity  of  the  urine  is  over  toi8,  or  into  a  25  c.c.  flask  if  the  specific 
fntnty  is  less  than  1018.'  Fill  th«  fUsk  to  the  mark  wlih  distilled  water  and 
imrert  it  several  times  in  ofder  to  guarantee  thorough  mixing.  Transfer  I  C.C.* 
of  the  diluted  urine  to  a  large  (10-35  mm.  X  300  mm.)  Jena-glass  test-tube. 
Add  to  this  I  c.c.  of  concentrated  sulphuric  acid,  i  gram  of  potassium  sulphate, 
I  drop  of  5  per  cent  copper  sulphate  solution  and  a  small,  dean,  quartz  pebble  or 


-*=^ 


"tU 


IFto.  1J4.  '  Fin,  isj. 

Flos.  ts4  AXB  iss.—Foans  of  Apparatus  usao  m  Mctbods  of  Tout*  and  Asaoa- 
Atts  won  UKTaiuaKATiOM  UP  Total  NnaocxK,  Urka  asd  AMMavrA.  (From  Jour.  Biol. 
Cirm.  vol.  II,  10"-) 

Klass  bead.  (The  pebble  or  bead  is  added  to  prevent  bumping.)  Boil  the  mix- 
ture over  a  miCTo-bumer'  for  about  six  minutes,  i.e.,  about  two  minutes  after  the 
tnixture  has  become  colorless.  Allow  to  cool  until  the  digestion  mixture  be^ns 
to  become  viscous.  This  ordinarily  takes  about  three  minutes,  but  in  any  event 
the  mixture  must  not  be  permitted  to  solidify.  Add  about  6  c.c.  of  water  (a 
few  drops  at  a  time,  at  first,  then  more  rapidly  1  to  prevent  solidification.  To  this 
acid  solution  add  an  excess  ot  sodium  hydroxide  (3  c.c.  ol  a  saturated  solution  is 
sufBdent)  and  aspirate  the  liberated  ammonia  by  means  of  a  rapid  air  ctirrent* 

'  The  nurpo*c  n  to  so  dilute  the  urine  thai  1  c.e.  of  the  diiulcd  fluid  »h«ll  conuitt  0.7  j- 
i.$  tng.  of  nllroitcn. 

*Tbi*  me«Muem«nt  should  bv  toidt  by  inran«  i>(  a  modified  Oatwald  pipeli*  (»cc  Oil- 
Wild-Lulher:  Phyiiko  ChrmiKhe  MrwunKCQ.  »il-  ed..  p.  15;)-  Such  pipttte*  may  be 
obtained  from  Kimrr  nnd  Amrn<l,  New  York. 

*  .A  type  of  burn«  whlcl:  liw  proven  »ati»faclory  i«  Kimri  and  Articnii'»Ko.  1587. 

•  EJthcr  a  vacutun  pump  or  comprcswd  air  ot  u  toree  pump  may  be  used.     Tlie  coni- 
piCMtd  air  method  it  rather  ihc  more  convenient  itiAi^much  t&  t.hc  xnttno^iu.  t&vj  \a  if&- 
lected  dtrpcity  io  a  vedumrlrk  6aik.     Inasmuch  ai  tlie  nedu  ol  wicVv^«>diA  V^o^^Jt^  VK 
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Into  a  volumetric  flask  (lOO  cc.)  contaming  about  so  cc  (rf  anunonia-liM  mtci 
and  3  c.c.  of  N/iO  hydrochloric  add  (se«  Figs.  154  and  155,  page  4S7).  TIk 
air  cuneot  should  b«  only  moderately  rapid  for  the  first  two  minutes  but  at  tbe 
end  of  this  tvro-minute  period  the  current  should  be  run  at  it*  maxiniam  spetd 
for  an  interral  of  eight  minutes. 

Disconnect  the  flasli,  dilute  tbe  contents  to  about  60  cc.  with  unmoab- 
free  water  and  dilute  similarly  i  mg.  of  nitrogeu  in  the  form  of  ammoi^ani  ad* 
phate'  in  a  second  volumetric  flask.  Nesslerize  both  solutions  as  neadj  u 
possible  at  the  same  time  with  5  c.c  of  Nessler-WnUer  solution*  diluted,  iasat' 
diately  before  using,  with  about  35  c.c  of  ammonia-free  water  to  avoid  turWditT' 
Immediately  fill  the  two  flasks  to  the  mark  with  ammonia -free  water,  nix  vtU 
and  determine  tbe  relative  intensity  of  tbe  two  colors  by  means  of  a  Dibnq  . 
colorimeter.' 

The  color  of  the  unknown  should  be  adjusted  to  that  of  tbe  standard  both  from 
above  and  below  the  level  of  tbe  latter.  The  matching  of  th«  colors  Is  onKnai^r 
▼ery  eaxy.  It  is  desirable  to  make  the  readings  by  diffused  dt^fUgbt  if  poMaUt 
If  electric  Light  must  be  used,  a  sheet  of  smooth  white  paper  should  be  Intefpestd 
between  the  colorimeter  and  the  source  of  light 

Calculation. — The  reading  of  the  standard  divided  by  the  reading  of  the  un* 
known  gives  the  nitrogen  in  miUigrams  in  the  volume  of  the  urine  taken.  Caks- 
late  the  total  nitrogen  output  for  the  34-hour  p«riod. 


Inttrprtlalion. — See  page  484. 


3.  Bock  and  Benedict's  Modification  of  tbe  Folin-Faimer  Procedure 
Bock  and  Beuedicl*  have  found  dislitlatioQ  of  the  ammonia  more  accurate  Uiu 

not  Unie  enouith  to  iiecmii  of  thr  uw  of  s  tn-o-hole  rubber  stopper  n-hcu  suciion  is  usti 
the  ammiHuai  should  oc  collected  in  one  ol  the  Jena  test-tube*  prcviouily  docrib«d  wUd 
contaiiwicc.  of  N/io hydrochloric  odtlJiiidiibAui  ^  c.c.of  amcnonia-frcc  aster.  Theui' 
moniuDi  talt  is  ilien  trsaslencd  to  the  voIurickIc  iJa±k  with  40-50  c.c.  o(  waiM  ud  .Vn 
>leriE(d  u  described. 

'  Care  should  bv  Inkcn  to  twcure  the  pure  talL  All  ammonium  salts  contain  pyndlM 
bone*  which  tilrnlc  like  ammonia  but  do  not  rfacl  with  Ntulcr'»r(«i:cnt,  fmntxaamam 
aulphalc  msy  br  piepured  by  dtcuTiipmini;  a  hicli-itrade  ammonium  lalt  with  Mdiuni  ^ 
droddc  and  pauing  the  liberated  ammonia  into  pure  lulphurir  odd.  The  uilt  ii  tbeopii^ 
cipitatcd  by  mran*  of  alcohol,  then  brought  into  solution  in  niter  and  Te-precipitatM  lij 
alcohol.  The  final  product  fhould  be  dried  in  a  desiccator  over  tulphuric  add.  Ut.  R.L. 
Braenwn  of  Btnion  prepare*  a  *«lt  vhtch  Is  very  Hitiifactory  foe  ut«  in  this  okiM 
According  in  Rock  and  Benedict,  Kahlbaum'a  "Zur  Anslytc"  asiinOBium  dtkcide  ii 
satisfactory, 

*Cktm.  Ztil..  180Q.  p.  541.    The  Nrsdcr-WInkier  solution  bos  the  foUtmnc  toTinul*- 

M  ere  uric  iodide - lotrsni.  . 

Pota«slum  Iodide , ...i sgrun*.  ■ 

Sodium  hydroxide 10  granu.  n 

Water too  c.c. 

The  mt^rciiric  iodide  is  rubbed  up  In  a  smsD  porcelain  morUr  with  water,  tbee  wuifi 
Into  a  Sask  and  the  potaaiium  iodide  added.  The  sodium  hydiraidc  is  diuolitd  w  lb' 
ccmaininp  natct  and  the  cooled  Mlulion  added  to  the  above  mixture.  The  solution  clnf?^ 
by  Standing  it  prcHf^ed  In  a  dark  bottle. 

The  iS  c.c.  portion  of  the  diluted  reagent  should' be  added  sbont  one-third  at  a  tint  U 
the  contcnli  of  the  fluk.  It  is  vcr>'  cueotial  that  the  dilution  of  the  reagent  taktt  [dKt 
immedlaltly  pttcfdinn  iVi  ust,  inasmuch  at  the  diluted  rcngrnt  ilctcrioratesinafewnHiaMSI 
U  indicated  t>y  tlie  lurmation  of  a  brick-red  preclpitutc.  Fortunately  tbe  reas'nl  doalWt 
deconpoae  fo  tliis  maocer  in  the  pretence  of  the  ammonium  alt. 

*Tlie  standard  may  be  set  at  any  desired  depth  but  a  very  Mtisfaclor}' depth  it  i 
The  depth  abould  be  uniform  throuubout  any  series  of  oompantlvo  teats. 

*£ocJc  and  Benedict:  jam.  Biol.  Chcm.,  io,i,i.\t)i$. 
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loiL  Tbej  connect  the  large  Jena  test-tub«  in  which  the  digestion  was 
out  with  a  small  LieUg  coadenseT  (made  from  a  piece  of  glass  tubing 
50  mm.  with  two-hole  rubber  stoppers  al  each  end  through  which  pass 
t  and  outlet  tubes  and  the  condenser  tube  itself).  See  Fig.  156.  The  lower 
the  condenser  is  connected  with  a  glass  tube  (or  better  an  old  pip«(tet  to 
;  back  suction)  which  reaches  searty  to  the  bottom  of  the  volumetric  Aaik 
I  a  receiver.  The  distillation  tube  also  has  a  two-hole  rubber  stopper.  It 
Kted  with  the  condenser  and  also  carries  a  long  straight  tube  which  reaches 
to  the  bottom  of  the  test-tube,  and  is  closed  above  with  a  piece  of  rabber 
kBdl^fioch-cock.  The  digestion  is  carried  out  just  as  in  the  Folin-Fanner 
r$M  page  485)  and  when  iiartiaUy  cool  7  c.c  of  water  are  added.  Into  the 
be  passing  through  the  stopper  suck  3  c.c.  of  saturated  sodium  brdroxido 
I  and  dose  the  pinch-cock.    Insert  the  stopper,  connect  with  the  condenHer 


Fkj.  ij6. — Bock  asi>  BK-VKntcr  APPAHAirs, 


nv  the  alkali  to  run  into  the  test-tube.  The  fluids  are  mixed  by  blowinga 
>b[ea  of  air  through  the  apparatus.  The  test-tube  is  then  heated  to  vigor- 
ling  (over  a  large  free  flame],  the  distillation  bong  continued  until  a  sepa- 
ai  salts  occurs  in  the  test-tube  and  the  mixture  begins  to  btunp.  This 
ion  requires  about  two  mloutes.  The  test-tube  is  then  disconnected  from 
denser  and  the  latter  washed  down  with  a  few  cubic  centimeters  of  water, 
uid  in  the  receiving  flask  is  diluted  and  Nesslerized  as  in  the  Polin-Farmer 
■  («•  page  485). 

ck  and  Benedict,  whilL-  holding  the  distillation  procedure  to  be 
accurate  than  aspiration,  do  not  consider  tlLit  the  colorimctric 
tl  i»  equivalent  to  the  standard  Kjeldahl  procedure  in  accuracy 
ability,  although  usually  it  agrees  with  the  latter  method  within 
a-3  pi-r  cent,  and  is  indispensable  where  vt-ry  small  amounts  of 
m  arc  to  be  determined.  According  to  Folin'  and  others  the 
d  is  capable  of  greater  accuracy  than  this,  and  the  aspiration 
la:  J^ur.  BUI.  Cltfix.,  u,  i^Si  ■9'5. 
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procedure  gives  satisfactory  results.  The  method  should  be  checked 
up  carefully  by  each  new  learner  of  the  method,  using  pure  solutions. 
Outside  air  is  better  than  laboratory  air  for  aspiration  purposes. 
Care  is  needed  in  using  the  pipettes,  which  should  be  of  the  Ostwald 
type  and  accurate.  In  using  them  allow  the  pipette  to  drain  against 
the  side  of  the  vessel  for  lo  seconds  and  then  blow  out  clean  so  that 
nothing  is  left  behind  in  the  tip.  .  The  reagents  used  must  be  as  free 
as  possible  from  ammonia  and  must  be  checked  up,  particularly  the 
sulphuric  acid  and  potassium  sulphate.  Those  who  have  trouble  in 
using  a  colorimeter  may  substitute  titration  with  N/50  hydrochloric 
acid  using  alizarin,  or  better  methyl  red,  as  an  indicator. 

4.  Gulick's  Modificatioii  of  the  Folm-Fumer  Coloiimetric  Method' — Prin- 
ciple.— By  using  small  amounts  of  sulphuric  add  and  potassium  sulphate  it  is  possi- 
ble to  Nesslerize  the  products  of  the  digestion  directly 
without    the    necessity   of   previous  aspiration  of  the 
anunoiiia. 

Procedure. — Dilute  the  sample  of  uiine  to  an  euct 
multiple  of  its  original  volume  (about  4-10  times)  with 
acid  mixture,*  so  that  0.5  c.c.  of  the  dilution  will  contain 
between  0.4  and  0.7  mg.  of  nitrogen.  With  an  Ostwtld 
pipette  introduce  0.5  c.c.  of  this  mixture  into  the  bulb 
of  a  Ducro-oiidatioD  flask.  The  type  illustrated  in  Fig. 
157,  with  a  bulb  capacity  of  about  15  c.c,  is  the  most 
convenient.  Add  also  a  small  spherical  glass  bead  or 
scrap  of  platinum  or,  better,  a  piece  of  platinum  wire  4-; 
mm.  long  bent  into  a  tight  spiral.  Agitate  continuallT 
while  boiling  off  the  watei  over  a  micro-burner  (about 
one  minute).  Set  up  to  heat  over  a  very  small  flame  wcD 
guarded  against  the  wind.    A  luminous  flame  6-7  nun. 

mo-o^7t?o""f!^a"!'  *•'«''  '^'"""'B  f"*"  *  *'"f''"  ^"''«  °^  »*>»"'  3  mm.  outsklt 
diameter  may  be  used.  The  digestion  bulb  is  set  at  a 
slant  so  that  the  mouth  is  directed  upward  and  the  heat  applied  at  the  tip. 
Heat  for  at  least  one  minute  after  the  acid  becomes  dear  white.  The  boiliogUHl 
oxidation  require  about  6-10  minutes.  As  soon  as  the  glass  is  cool  enough  to  beii 
water  add  sufficient  ammonia-free  water  to  dissolve  the  contents,  and  rinse  quanti- 
tatively into  a  50  c.c.  volumetric  flask. 

Introduce  into  a  second  50  c.c.  flask  0.5  mg.  of  nitrogen  la  the  form  of  pure 
ammonium  sulphate.  Fill  both  flasks  to  about  40  c.c.  with  ammonia-free  mitt. 
Into  each  of  the  flasks  then  inject  5  c.c.  of  the  modified  Winkler  solution'  in  a  vigor- 
ous stream  from  a  pipette.     Fill  to  the  mark  and  mix  thoroughly.     Compare 

'  Gulick:  Jour.  Biol.  Ckem..  i8,  541,  1914. 

'Acid  Oxidizing  Mixlurt.— To  115  c.c.  of  ammonia-ftee  water  add  40  c.c.  of  subhurie 
acid,  s  c.c  of  a  saturated  solution  of  mercuric  chloride  and  io  gm.  of  protassium  mqihat*. 
Then  make  up  to  200  c.c.  with  ammonia-free  water. 

'  Modified  Winkler  Sotution. — Dissolve  40  grams  of  sodium  hydroude  in  about  teo  c.c- 

of  ammonLa-free  water.     Mix  15  grams  of  mercuric  iodide  and  lograniEof  potuaium  iwiite 

and  dissolve  in  about  15  c.c.  oE  water.     Transfer  with  the  aid  of  the  alkali  to  a  joo  tx 

volumetric  ilasfc  and  make  up  lo  500  c.c.  ■wilti  annaonia-ftee  water.    Transfer  to  an  Erfea- 

meyer  flask  and  let  stand  24  noura  to  setl\e. 
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at  once  ot  at  least  within  an  hour  in  a  colorimeter,  using  a  depth  of  standard  of 
30-30  mm. 

Urea 

.  I.  Urease  Methods. — Principle. — These  method?  depend  upon  the 
principle  that  the  enzyme  urease  is  able,  at  ordinary  temperatures,  to 
transform  urea,  quickly  and  completely,  into  ammonium  carbonate. 
Takeuchi'  in  1909  discovered  the  presence  of  this  enzyme  in  the  soja 
or  soy  bean.  The  application  of  this  enzyme  to  the  determination 
of  urea  in  urine,  blood,  etc.,  was  first  proposed  by  Marshajl,'  whose 
methods  have  been  modified  by  Van  Slyke  and  Cuilen.'  These  latter 
investigators  prepared  a  permanent  preparation  of  the  enzyme,  in  a 
water-soluble  form,  the  use  of  which  makes  more  convenient  the  rapid 
and  accurate  determination  of  urea  in  urine,  blood  and  other  biological 
auids. 

The  urease  method  is  probably  the  most  satisfactory  of  all  methods 
for  the  determination  of  urea.  Other  nitrogenous  constituents  such 
as  allantoin  are  not  decomposed  by  urease.  The  method  involves  no 
carefully  regulated  heating  procedures,  and  is  appUcable  to  diabetic 
urines. 

The  procedure  for  the  determination  in  urine  consists  in  treating 
the  urine  sample  with  urease,  aerating  the  ammonia  formed  into  fiftieth- 
normal  acid,  and  titrating  the  excess  of  acid  with  fiftieth-normal 
alkali.     (For  colorimetric  procedure  see  page  493.) 

Prapantion  of  Solid  Urease.*— Digest  one  part  of  soy  bean  meal  with  five  parts 
of  water  at  room  temperature,  with  occasional  stirring,  for  an  hour,  and  clear  the  solu- 
tion by  filtration  through  paper  pulp  or  centrifugation.  Pour  this  extract  slowly, 
with  stirring,  into  at  least  10  volumes  of  acetone.  The  acetone  dehydrates  the 
enzyme  preparation.  Filter,  dry  in  vacuum,  and  powder.  The  activity  of  the 
preparation  is  retained  indefinitely.  Thus  prepared  it  is  not  perfectly  soluble  in 
water,  but  this  fact  interferes  in  no  way  with  its  use. 

Standardization  of  the  Enzyme  Preparation  .—Make  up  accurately  a  3  per  cent 
solution  of  pure  urea.  Treat  this  solution  exactly  as  the  urine  is  treated  in  the 
following  method,  using  y^  c.c.  of  the  solution.  The  ammonia  formed  should 
neutralize  35  c.c.  of  N/50  acid.  If  it  does  so  the  preparation  is  of  sufhcient  strength 
to  use  as  indicated.  IE  not,  more  of  the  preparation  must  be  used  for  a 
determination. 

The  ground  soy  bean  may  also  be  used  directly  in  this  determination.  It 
should  pass  through  a  jo-mesh  sieve.     Rose  and  Coleman  for  their  micro-procedure 

'Takeuchi:  Joura.  Coll.  Agr.  Tokyo,  1909,  Part  1. 

■Marshall,  E.  K.,  Jr.:7.  Siol.  Chern.,  14,  283,  igij;  15,  495.  I9'3;  '5.  487,  1913;  17. 
J51,  1914. 

•Van  Slyke,  D.  D.,  and  Cullen,  G.  E. :  J.  Am.  iled.  Ais'n,  62,  1558, 1914.  See,  also, 
/.  BM.  CAcm.,  ig,  141,  1914. 

'Van  Slyke  and  CuUen:  Jour.  Biol.  Chem.,  19,  3ii,  1914.  Satisfactory  prwarations 
of  Urease  may  be  obtained  from  the  Arlington  Chemical  Company,  Vonkers,  N.  Y.,  and 
from  Hynson,  Westcott  and  Co.,  Baltimore. 
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{see  below)  use  0.1-0.4  gram  of  bcao  flotir  acting  in  a  waier-bath  at  50-60'  lor  in 
minatet.  Id  their  maao-method,  uslug  ;  cc  of  uiiiic  ihty  dilute  vrhb  30  cc.  of 
water  wanned  to  50^60°  and  then  arid  5  gramt  of  the  toy  bean  flour  and  let  xtind 
(or  30  minutes.  They  then  add  5  c.c.  of  saturated  sodium  carbonate  solution  and 
aerate  as  usual. 

(a)  Procedure  of  Van  Slykc  and  CuUen. — Dihit«  5  c.c  -of  urine  to  50  cc.  with 
anuDonia-frce  water.  Measure  s  c.c  of  the  diluted  urine  into  Tube  "A"  int 
Fig.  158),  add  I  drop  at  caprylic  alcohol  [to  prevent  frothing),  and  1  u. 
of  enijmie  solution.'  Close  "A"  with  stopper  shown  in  figure,  and  let  the  nib* 
stand  IS  minutes  for  the  enzyme  to  net.  Measure  into  Tube  "B"  25  c.c  of  H/jO 
HCl  or  HtSOi.  Add  i  drop  of  caprylic  alcohol  and  1  drop  of  a  i  per  cent  aBiaiin 
sohilion,'  as  indicator.    Connect  "A"  and  "B"  as  shown  Id  the  ficure.    At  the 

end  of  15  minutes  aspinitc  for  about  oue-halt 
minute  to  remove  any  ammonia  present  in  tbi 
free  condition  in  "A."  After  tins  a^intion, 
open  "A"  and  introduce  5  C.C.  of  satontcd 
potassium  carbonate.  Close  "A"  at  ooce  aid 
aspirate  until  all  the  ammonia  has  bwo  re- 
moved from  "A"  and  carried  over  into  the  idd 
in  "B."  The  time  needed  for  the  aspintlaa 
varies  for  dlBerent  ptmips  from  5  to  30  misutM. 
and  ahould  be  determined  by  trial  for  the  pti- 
ticular  apparatus  used.  At  the  end  of  thetimt 
needed  for  the  aeration,'  the  pump  is  discon- 
nected (care  being  taken  to  avoid  back  1 
tion]  and  the  excess  acid  in  **B"  is  titraledl 
means  of  fiftieth-normal  slkaB. 

CalculationB.— The  number  of  cubic  1 
meters  of  Sfrieth-normal  add  neotraltied  ii 
multiplied  by  the  factor  0.056  10  give  tbe 
number  of  grams  of  urea-plus  ammoma-aKtr- 
gen  in  100  cc.  of  the  oiiDe.  The  uamtKit 
alone  may  be  detormmed  at  the  same  time  as  the  ammonia  plus  urea,  vmt 
the  same  techuic  except  that  s  c.c.  of  the  undiluted  urine,  no  urease,  acd  tbt 
factor  0.0056  are  used  for  the  determination  of  ammonia  alone.  The  in- 
monia  tubes  are  run  in  the  same  series  as  those  for  On  una  it 
adng  the  same  air  current  for  aD. 

(ft)  Colcrinuiric  itodificatton.—RotC  and  Coleman*  Miggcst  the 
del ermiiu tion  of  the  amcionia  wbicb  U  carried  over  by  the  aspiration,  ratbtr  I 
titration  of  the  excess  of  add.  They  Ncsslcriw  the  totution  in  "B,"and  compw 
the  color  produced  with  the  color  of  a  Nc^lcrlzed  solution  of  known  ammonii  cv 
tent,  as  in  the  Folln-Farmer  method  for  total  nitrogen.  If  this  procedure  b  id- 
lowed,  the  amount  of  itrca  and  ammonia  nitrogen  in  the  solution  acted  Upon  b;  &* 

'  The  cnzytnc  solution  it  prcpnccd  by  dinnlving  i  frami  of  the  ensfme  pnfiantitM^ 
grain  OJ  <lipotiis(iuin-hydrogei)  j>h{i(;ihiile.  and  0.4  mm  of  inoncipntaSMUnl-dih|4MjB 
phoftphaic  in  to  c.c.  of  water.  SoIunoq  i»  sided  by  sliiiinK  "lib  a  RJaM  rod.  TbeiwW 
opalnccnt  loiuiioo  ihould  be  covered  with  luluol  »nd  may  be  l:ept  for  two  wteki  siBWl 
loMDS  activity, 

*  Folin  suits  that  methyl  red  it  prefctable  to  Kli/nrin  for  ammonia  titfrntions. 

'Ste  Kskc  {y*»ir.  Biol.  Chrm.  13,  4SS.  '«'S>  i*"''  Van  Slylic  and  Cullen  (J*W-  Bi* 
Chem.,  14,  It?,  loiOj  (or  discuwioti  ot  dcUifti.  ul  nwOnaA. 

'Rote  and  Coleman,-  buKlnm.  Bull.,  j,  4V 1, 191  v 


Fio,  158. — Van  Slykk  ano 
CtnxsM  Appasaius. 
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urease  must  not  exceed  i  tag.  Tbb  procedure  ha»  been  found  useful  whcic  small 
quantities  of  urea  iire  lu  be  estimated. 

Interpretation. — ^Thc  mean  average  daily  excretion  of  urea  by  normal 
adults  is  usually  placed  at  about  30-35  grams  but  is  ver>'  closely  de- 
pendent upon  the  protein  ingestion  and  hence  may  vaT>'  widely.  It 
is  of  significance  only  when  the  amount  of  nitrogen  ingested  is  known 
with  some  degree  of  accuracy.  In  disorders  associated  with  increased 
tissue  catabolisra  as  in  fevers,  the  excretion  of  urea  is  increased.  It 
may  be  decreased  in  pronounced  kidney  and  liver  disorders  due  to 
decreaM^  formation  and  decreased  power  of  elimination,  but  these 
^din^s  arc  not  constant. 

■  The  per  cent  of  the  total  nitrogen  of  the  urine  occurring  as  urea 
varies  on  the  average  frcon  80-^.  On  a  high  protdn  diet  it  is  nearer 
90  per  cent;  on-a  very  low  nitrogen  but  high  calorie  diet  it  may  not 
be  over  60  per  cent.  In  marked  acidosis  it  may  be  considerably 
decreased  relative  to  the  total  nitrogen  (see  ammonia). 

(c)  Marshall's  Urease  Metiiod.'—PrincipU. — This  is  a  simple  clin- 
ical method  for  the  deteruu nation  of  urea  in  urine.  It  differs  from  the 
preceding  method  in  that  instead  of  aspirating  off  the  ammonia  formed 
from  the  urea  by  the  action  of  the  urease,  it  is  titrated  directly  in  the 
urine  mixture,  thus  5imp!if)Hng  the  procedure.  The  method  is  nearly 
as  accurate  as  the  preceding,  for  normal  urine  the  error  being  only 
about  J  per  cent  which  is  very  satisfactory  for  a  rapid  clinical  procedure. 
For  diabetic  urines  the  aeration  procedure  should  be  used  as  such  urines 
contain  substances  which  render  the  titration  inaccurate. 

Procedure.— Two  5  c.c.  portions  of  the  urine  are  measured  into  flaska  of 
>oo-30O  c.c.  capacity  and  diluted  with  distilled  water  to  about  100-115  c.c. 
One  c.c  of  a  10  per  cent  solution  of  urease  prepared  as  described  on  page  491  is 
added  to  one  flask,  a  few  drops  of  toluene  to  eacb  and  the  solution  allowed  to 
remain,  well  stoppered,  at  room  temperature  over  night  (or  five  hours).  Tb* 
Quid  in  each  flask  is  titrated  to  a  distinct  pink  color  with  N,  10  hydrochloric  add 
naing  methyl  orange  as  an  indicator.  A  few  cubic  c«ntimeters  of  the  enzyme 
eohiUon  used  should  also  be  titrated  to  detennine  the  amount  of  N/to  hydro- 
chloric acid  required  to  neutralize  i  c.c. 

Calculation.  —The  amount  of  hydrochloric  acid  required  for  the  contents  of 
the  flask  containing  the  urine  and  enzyme  solution,  less  the  amount  used  for 
5  cc  of  urine  alone  and  that  previously  determined  for  i  c.c.  of  enyzme  solution, 
corresponds  to  the  urea  originally  present  in  the  sample  of  urine.  Since  i  c.c. 
of  K/io  HCI  Is  equivalent  to  3  mg.  of  urea,  the  number  of  cubic  centimeters 
raqoirad,  multipKed  by  0.6  gives  the  value  of  urea  expressed  in  grams  per  liter 
[urine. 

Jnterpreiaiion. — See  above. 

'  >  Manhail:  Jovr.  BioL  Cktm.,  14,  183,  191^ 
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a.  Benedict's  Method."— i'riiiti/'te. — The  urea  is  decomposed  b>- 
heating  with  a  mixture  of  pota»sium  bisulphalc  and  zinc  sulphate.  Hie 
fact  that  thf  hydrol>-zinK  agent  is  a  salt  and  that  the  digestion  taks 
place  in  the  practical  absence  of  water  seem  to  insure  less  dccompositiofl 
of  substances  other  than  urea.  The  ammonia  formed  is  distilled  off 
and  determined  in  the  usual  manner. 

Procedure.-  Five  c.c.  of  urine  are  introduced  into  a  nither  wide  Jeai  flan 
test-tube,  about  3  grams  of  potassium  bisulphate  and  i  a  gmns  of  zinc  tulphaW 
added,  a  small  quantity  of  powdered  pumice  and  a  bit  of  pafafllo  are  iDtrodtiMd 
and  the  mixture  boiled  almost  to  dryness  either  over  a  free  Same  or  by  inuncf^oa 
h)  a  nilphuric  add  bath  at  about  130°.  The  tubes  are  then  weighted  (a  screw 
damp  is  convenient)  and  immersed  for  three-fourths  of  their  length  in  a  bathtf 
sulphuric  acid  at  a  temperature  of  163-165'  1°°^  lowerl  for  one  hour. 

The  contents  of  the  tube  are  then  washed  into  an  800  c.c  Kjeldahl  distillatka 
flask,  diluted  to  about  400  cc.  with  water.madealkalinebytbe  addition  of  is-M 
cc.  of  10  per  cent  KOH  (or  35  c.c  15  per  cent  HsiCOi)  and  diatUIed  as  usual  in  Ai 
Kjeldahl  method  1  page  483 }.  The  value  obtained  must  b«  corrected  for  ammodl 
by  a  separate  determination  of  the  latter. 

Welker*  has  suggested  an  electrical  bath  for  use  in  the  first  part  of  this  method. 

3.  Microchemical  Method  of  Folin  and  Pettibone.*-  Primiplt.— 
The  urine  is  heated  with  potassium  act-talc  and  aceiic  acid  to  hvtho* 
lyze  the  urea.  The  desired  temperature  is  maintainc<l  with  the  aid 
of  a  temperature  indicator.  I'hc  ammonia  formed  is  aspirated  off 
and  determined  colon  metrically  with  N'essler- Winkler  reagent. 

Procedore.—Dilute  the  urine  so  that  1  cc  contains  0.75-1.5  mg.  of  sea 
nitrogen.  Generally  dilutions  of  1 :  30  or  1 :  10,  depending  on  the  concentradcu. 
are  wtisfactory.  By  means  of  an  Ostwald  pipette  (see  pa^e  487)  introdnce  i  u. 
of  the  diluted  urine  into  a  large  dry  Jena  lest-iube  (10-25  nun.  bf  300  iii».)«liict 
already  contains  7  grams  of  dry  ammooia-free  potassium  acetate*  (free  bm 
iiimfiB),  t  cc.  of  sopercentaceticacid,  asmallsand  pebble  ora  little  powdered  line 
(not  line  dust)  to  prevent  bumping  during  boiling  and  a  temperature  iadicatv.' 

>  Benedkl:  Jem.  Bitil.  Chcm.,  8,  405,  101 1. 

*  An  exceu  o(  tiac  ul  t  is  to  be  avpided  as  too  large  quantit)' lends  to  came  ilight  ttvlUil 
duriiu  the  final  distillation. 

'  welker;  Bitthon.  Bull,,  1, 410,  191 1. 

•Folin  and  Pcttibone:  Jour.  Biol.  Chem.,  11,  jij,  1911. 

*  .\  utintnctory  preparation  contAining  len  than  t  per  cent  ot  moiiture  and  free  baa 
ammonia  may  be  oblaincd  ftom  J.  T.  Bultcr  Chrmicnl  Co.,  PhHliMburB,  N.  J. 

■ "  11ii«  tempeialurr  Inditalor  ton^iiiila  uf  puwdctrd  chloride- Iodide  ol  mercury  (RflCI) 
inclosed  Id  a  scaled  kIou  bulb  not  over  1  mm.  io  diameter.  ThJi  salt  h  bright  rod  at  «r£' 
nary  tcmperaiurr.t.  .\t  1  iS°C.  it  turns  yellow  and  mdu  to  a  dear  dark  red  uquid  at  ijs'C. 
It  solidlQca  ax>'ii  at  ubuut  i4S°C.  and  resume*  its  red  color  gradually  only  in  the  count  li 
about  14  hours.  The  radlin^paiat  lemperatuie,  iS^'C-i  is  fottUDatefy  a  temiMnon 
vcr^-  rcidily  obtained  and  muniiiinnl  by  means  o(  potasnum  acetate  and  aa  the  sotMC 
beaiDs  to  cake  and  Mlldlf  y  at  ibo°-ibi°C„  Uicrc  it  no  danger  in  thit  combinstioo  of  kadic 
either  too  Ugh  or  too  low  a  temperature  without  iu  beLnit  unmliiakably  appattnl. 

Tbc  IlglCl  inny^  be  prepared  by  healing,  in  a  dry  »Ule,  inlimatcly  mixed  ma<X^ 
chloride  and  mercuric  ioiflde  in  molecular  proportions  at  i5o*-i6o*C.  (or  b-%  hour*.  Al  ll* 
end  of  the  heating  iheproductsbouldbepowdeiedaDdiucdaaitiitor  it  cannot  be  paciM 
by  the  um  of  aolveatt.  It  should  be  kept  dry  until  sealed  up  as  Indicated."  TbcM  its- 
ceraiurc  Ijidicatoi*  may  be  obtained  icndy  prepared  in  tubes  from  Einiei  and  Anoi 
Ntw  fork. 


!  CloK  the  test-tube  by  means  of  a  rubber  stopper  carrying  an  empty  narrow 
"calcium  chloride  tube"  (i-scm.  by  35  cm.,  without  bulb)  as  a  condenser.  Sd«- 
pead  the  test-tube  and  condenser  above  a  mlcto-bunier  (see  page  487)  by  meaoB 
of  a  burette  damp  or  some  similar  device  in  such  a  way  that  they  may  be  easily 
raised  or  lowered.  Heat  gently,  using  a  bottomless  beaker  or  some  similar 
device  as  a  wind  shield  if  needed.  The  acetate  will  soon  dissolve  itwo  minutes) 
and  the  mixture  begin  to  boiL  At  this  point  the  indicator  begins  to  melt  showing 
that  the  desired  temperature  (i53-i6o''C.)  haa  been  reached.  Continue  the 
boiling  in  a  gentle,  even  mamier  for  ten  minutes  at  the  end  of  which  time  the 
decomposition  of  the  urea  is  complete.  Remove  the  apparatus  from  the  flame 
and  dilute  the  contents  with  5  c.c.  of  water.'  Add  an  excess  of  alkaU  ii  c.c.  of  a 
saturated  solution  of  sodium  hydroxide  or  potassium  carbonate)  and  remove 
the  liberated  ammonia  by  means  of  a  strong  air  current  (see  page  487).  The 
ammonia  may  be  caught  In  a  100  c.c.  volumetric  flask  which  contains  about  35 
cc  of  ammonia-free  water  and  3  c.c.  of  N.'  10  acid.  With  a  strong  air  current 
this  process  requires  only  about  ten  minutes.  Determine  the  ammonia  colori- 
metricalty  against  t  mg.  of  nitrogen  in  the  form  of  ammonium  sulphate.  For 
the  colorimetric  procedure  see  the  total  nitrogen  determination  page  485. 

4.  Method  of  Foho  and  Denis.' — PrmtipU.—Sugat  interffrta  witli  the  de- 
compoeiiion  of  uica.  This  was  formerly  believed  to  be  due  to  the  formation  of 
nitrogenous  "melanins,"*  but  is  more  probably  due  to  the  formation  of  definite, 
stable  ureids*  This  djffimlty  may  be  overcome  by  proper  dilution  of  the  urine 
thus  preventing  ihc  formation  of  the  urcids.  Because  of  this  great  dilution  titratloa 
procedures  are  inapplicable,  iind  the  color! m<.-tric  procedure  is  applied. 

Froctdurc. — Dilute  i  c.c.  of  the  urine  with  jo  to  too  volumes  of  animoma-ftee 
water  and  decompose  i  c.c.  of  this  dilute  urine  with  potawium  ncetntc  and  acetic 
acid  as  described  under  the  method  of  Folln  and  Pettibonc  on  page  494. 

By  meajis  of  an  air  current  remove  the  ammonia  to  a  second  test-tube  which 
contains  about  1  c.c.  of  water  and  0.5  c.c.  of  N/io  hydrochloric  acid.  .\dd  to  the 
coolciits  of  lliis  tube  about  a  C-C.  of  water  and  3  c.c.  of  the  diluted  (t :  j)  Nesider- 
Winkler  wlution  (page  490).  Wash  this  colored  solution  into  a  to  c.c.  volumetric 
flask  and  dilute  It  to  the  mark  with  ammonia-free  water.  Transfer  the  entire  vol- 
ume to  a  dry  cylinder  of  a  Duboscq  colorimeter  and  determine  the  depth  of  color 
against  a  standard  conlainlng  1  mg.  of  nilrogcji  per  100  c.c.  of  solution.  For  the 
detailed  colorimetric  procedure  iee  the  method  fur  total  nitrogen,  page  494. 

5.  Uethod  of  ¥<iibn.^~Pnntiple, — The  urea  is  decomposed  by  healing  with 
magiKSium  chloride  and  hydrochloric  acid.  The  ammonia  is  distilled  oil  and  de- 
termined by  titration.  This  method  was  one  of  the  first  accurate  methods  for  the 
dclcrminalion  of  urea.  .Mlaiitoin  is  alao  included  in  llie  results  from  this  method 
but  occuraonly  in  minute  (]unnti[ie;<  in  human  urine.  The  method  i»  not  applicable 
to  urines  containing  sugar  as  uicides  arc  formed.  For  such  urines  the  method  of 
Folin  and  Dcm's  (above)  or  the  ureoie  method  using  aspiration  (page  491}  may 
be  employed.    The  earb'cr  MOrncr-SjOqvist  method*  has  been  combined  with  that 


as 


■  This  water  should  be  added  bv  means  o!  a  pipctic  through  the  calcium  chloride  tube  SO 
to  rinie  the  aides  of  the  tube  and  the  Imtlumof  the  rubber 'topper  from  any  posutilc  traces 
asimoniu to  acetate.    Nut  mote  ibanjccof  water  should  be  uted  lot  this  purpoM. 

*Folin  and  Denii;  Jeur,  BM.  Cktm.,  11,  SJO,  19U. 

'Mdmer:  Skand.  Arch.  Fkysiei.,  14,  jig. 

'  Folin:  Am.  Jour.  Pkysiol..  ij-  46.  19OJ.1 

'  Folin:  Am.  Jour.  Physiol..  13,  46,  1905. 

*MOmer:  Skatid.  Artk.  Phyiiol.,  14, 197, 1903.    See  also  Fottit)iiCdit.w«al\U&V)Wh» 
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o(  Ui«  Folin  procedure  in  *uch  &  way  u  to  reader  Uie  latler  spplicable  Ui  urioa 
containing  sugar,  to  remove  certain  interfering  substances  audi  as  nUantaio  ud 
make  the  separate  detctmiiiatlon  of  anunonia  unnecesurj-.  The  inetbod  b,  bo»- 
ever,  time-consuming  and  |]i«  other  meUiods  mentioned  are  on  tliia  acconnt  to  It 
piefen«d  for  the  acalysU  of  diabetic  urines. 

Prectditre. — I'laCe  5  c.c.  of  urine  in  n  aoo  c.c.  Erlenmeyer  flnsic  and  add  to  il 
5  c.c.  of  concentrated  hydrochloric  acid,  20  grams  of  crystallized  magnesinm  chlo- 
ride, a  piece  of  paraffin  the  size  of  a  lutzel  nut,  and  3-3  drops  of  a  i  per  cent  aquecii! 

solution  of  "alizarin  red."  Insert  a  Folin  talfly 
tube  (Fig.  159)  into  the  neck  of  the  fUsk  ami 
boD  the  mi«ii(c  until  each  drop  of  rcflow  ficm 
Uie  safei)'  lube  produces  a  very  perceptible  bump; 
the  hntt  i%  then  reduced  sumeirbat  and  eaa- 
tinued  one  and  one-half  hours.  The  contcsti 
o(  the  fla»k  must  not  remain  alkaline,  and  to 
ob\-iate  this,  at  the  first  appearance  of  a  red> 
diah  tinge  in  the  contents  of  the  dask  a  fev  dnft 
of  the  acid  distillate  are  vhakca  back  into  the 
fiask.  At  the  end  of  one  and  one-half  houis  tht 
contents  of  the  vcmcI  are  transferred  to  a  i-litcr 
Husk  with  Eiboui  700  c.c.  of  distilled  water,  abom 
10  cc.  of  10  percent  potassium  hydroxideors^ 
dium  hydroxide  solution  is  added  and  the  aii- 
ture  distilled  into  a  knoim  vidume  of  N/10  sul- 
phuric add  until  the  contents  of  the  fiask  an 
nearly  dry  or  until  the  distillate  fails  to  ^*«H 
alkaline  reaction  to  litmus,  showing  the  absoa 
of  ammonia.  The  time  devoted  to  this  procts 
is  ordinarily  about  an  hour.  Boil  the  distillitea 
few  moments  to  fr«e  it  from  COi,  tbeo  cod  ai 
titrate  the  mixture  with  N/io  sodium  hydtoiiik, 
U^ng  "alizarin  red"  as  indicator. 

A  "  check  "  experiment  should  always  be  mtif 

to  determine  the  oriftina]  ammonia  coateut  (f 

Ibe  urine  and  of  the  magnesium  chloride  if  it 

is  not  ahsoluirly  pure,  which  of  course  sbouUU 

subtracted  from  the  total  amount  of  anBooii 

«.i  determined  by  the  above  process. 

6.  Hypobromile  MeUiods.   -Principle. — The  bypobrontitc  methods  are  b»»i 

upon  the  f.ict  that  urci  b  drciimiHiscd  by  a  solution  of  sodium  hypobromltc  wlk 

the  formation  of  carbon  dtoxi<Jc  ah'I  gaseous  nitrogen  according  to  the  foUwiat 

equation: 

COCNH),-t-3NaOBr=N,-{-CO,-F3lT,0-f-jNaBr 


Fro.  ijo.— FouM's  Ubka 
Appasatvs. 


The  carbon  dioxide  is  retained  by  the  alkaline  solution  and  the  nitrogen  ga* 
lected  anil  meaiuied.    On  account  of  its  smplictty  this  has  been  the  most 
used  of  clinical  methods  for  the  determination  of  urea.    It  possesses,  however,  kv- 
eral  essential  inaccuracies  among  which  may  be  mentioned  the  fad  that  sD  of  tbt 
urcA  DJlcogen  is  not  liberated,  while  on  the  other  hand  substances  always  ptoett 


^ 


Ln  uriMsuch  ss  ammonia,  cTcatintne,  and  uric  acid  }ricld  nitrojicn  more  or  lest 
rapidly  wh«D  Uw  urine  Is  treated  with  hypobrunille.  The  measurement  of  tlie  gas 
IS  ordiDorily  carried  out  in%-olve*  con^derabl*  errors.  The  rettill*  nre  usually  high, 
ind  may  be  eieessively  so.  Robliuoo  and  MuUcr'  have  suggested  that  the 
ireomeler  be  shaken  for  five  miimici  to  hasten  the  reaction  and  thai  the  reituits 
iS  obtained  be  multiplied  by  the  factor  o.gi;  to  insure  more  accurate  results. 
rhey  ujte  the  Doremus-Hiiids  apparatus. 

(*j)  Jlypfihfvmitf  UfXhod  {mint  lie  Doremui-tliiidt  Urtomettr). — ^The  Doremus- 
linds  urewroeter  (Fig.  i6o)  is  one  of  the  ritniJeat  and  clieapest  forms  of  appa- 


rT\ 
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itus  in  general  u«e  (or  the  determination  of 
rea  by  the  hypobromitc  process.  It  is,  how- 
ver,  much  less  accurate  than  those  types  of 
ppantus  which  involve  the  measurement  of 
he  nitrogen  in  a  gas  burette  over  water  with 
qualizaiioo  of  pressure.  In  using  this  iippa- 
Uus  proceed  as  foUoit-s:  PUt  the  side  tube  U 
nd  the  lumen  of  the  stop-cock  C  with  the 
rine  under  cxanUDation.  Carefully  wash  out 
ube  .\  with  water  ami  introduce  into  it  sodium 
ypobromitc  solution,*  being  careful  to  fill  the 
olb  suflkiently  full  to  prevent  the  cnlraDCc 
I  air  into  the  graduated  portion.  Now  allow 
c.C.  of  urine'  to  flow  from  tube  B  into  tube  A, 
nd  after  the  e%'olution  of  gas  bubblts  has  ceased 
to-30  minutes)  take  the  reading  of  the  gradu- 
ted  scale  on  tube  A. 

CaleuMton. — Observe  the  reading  on  the 
jaduated  scaJe  of  tube  .^.  This  tube  is  so 
jaduated  as  to  represent  the  weight  of  urea,  in 
Tarns,  per  cubic  centimeter  of  urine.  If  we 
dab  (o  compute  the  frtnenlage  of  urea  present 
liis  may  be  done  very  readily  by  simply  moving 
be  dccim.il  point  two  ^tuts  to  Ike  riskt;  e.g.,  if 
be  reading  is  o.oi  gram  the  urine  contains  2 
ti  cent  of  urea. 

JnUrprebiliou.St^:  page  405. 

(i)  HypobromiU  Method  (ttsiitg  iiarikall'i  Urta  Afparalm). — Place  the  thumb 
vcr  the  tide  opening  of  the  bulbed-tubc  of  the  apparatus  (Fig.  163)  and  carefully 
lU  the  lube  with  juulium  hypubromlte  solution.'  Close  the  opening  in  the  end  of 
be  tube  with  a  rubtwr  stopper,  incline  the  tube  to  allow  air-bubbles  to  escape,  and 

*  Robintonand  Muller:  Jeut.  Am.Md.  Au'n,<ii,%\^,\f>\i. 
'  If  th*  content  of  urea  b  llie  uriuc  uniliT  ttamination  is  large,  the  urine  may  be  diluted 

rith  water  before  deternining  the  urco-     H  this  is  done  il  must  of  couirc  be  taken  into  eon- 
kltration  in  o'impiiliDg  the  (oiilrnl  of  urea. 

*  Tbc  inictcdif  Ills  of  the  suUiuai  bypobromitc  wjlutton  should  be  pr^ared  in  the  (orm  oi 
iM  Kpwatt  Kilutions.  niieo  needed  for  use  mix  one  volume  of  solution  a,  one  volume  of 
otution  b,  and  3  volumes  of  water. 

(d)  Dissolve  11;  eiamsof  sodium  bromide  in  water,  add  lasgranuof  bromine  and  make 
he  total  i-oltime  of  the  solvtioo  t  liter. 

(H  A  (olulion  t&  todhim  hydroxide  having  .1  specific  gravity  of  1  -i jo.     This  b  approxi* 
stdy  a  31.5  per  ont  solution. 
Preacrve  both  solutions  In  rubber -stoppered  boiUcs, 

3» 


Fio.  160. — Doi(i.uL3-lli.sDS 

UHKUUKTr.R, 
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fiaaUy  invert  the  tube  and  £x  the  stoppered  end  in  the  saucer-shsped  vcskL 
means  of  the  graduated  pipette  rapidly  introduce  i  c.c.  of  uriae'  into  the 
bromite  solution  through  the  side  opening  of  the  bulbed-tube.  Withdra' 
pipette  immediately  after  the  urine  has  been  introduced.  When  the  dccompc 
of  the  urea  is  completed  (lo-ao  minutes),  gently  tap  the  bulbed-tube  viththe 
in  order  to  dislodge  any  gas  bubbles  which  may  have  collected  on  the  inner  s 
of  the  glass.  The  atmospheric  pressure  should 
now  be  equalized  by  attaching  the  funnel-tube 
to  the  bulbed-tube  at  the  ude  opening  and 
introducing  hypabromite  solution  into  it  un- 
til the  columns  of  liquid  in  the  two  tubes  are 
uniform  in  height.  The  graduated  scale  of 
the  bulbed-tube  should  now  be  read  in  order 
to  determine  the  number  of  cubic  centimeters 
of  nitrogen  gas  evolved.  By  means  of  the  ap- 
pended formula  the  vieigkt  of  the  urea  present 
in  the  urine  under  examination  may  be  com- 
puted. 
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Fig,  i6i. — Marshall  Urea  Apparattjs. 
(TysoH.) 
a,  Bulbed  meaEuring  tube;  b,  saucer- 
shaped  vessel;  c,  graduated  pipette;  d, 
fun  Del- tube. 


Fig.  i6a. — HCfnsr  Urea  Ap?At 


Calculation.* — By  properly  substituting  in  the  following  formula,  the  veip 
urea,  in  grams,  contained  in  the  volume  of  urine  decomposed  (i  c.c.  or  more) ' 
readily  be  determined: 

'Ordinarily  i  c.c.  of  urine  is  sufficient;  more  may  be  used,  however,  if  its  coDtentori 
is  very  tow. 

'0,003665  =  coefficient  of  expansion  ot  gases  for  I'C.     3S4S""''umberof  c.c.otBil" 
gas  evolved  from  i  graia  of  uiea. 


URIXE 


499 


•(?-/)     

3S4-S  X  T<o(  >+o-«>i66sO 
w  =  wei^t  of  urea,  in  grams. 

'  V  «  observed  volume  of  nitrogen  expressed  iit  cubic  cenltmeiera. 
P  —  baroiDetric  pressur«  cxpmscil  in  millimrieni  o(  mercury. 

»T  '  tension  ot  aqueous  vapor'  for  temperature  t. 
S  B  temperature  (Centigrade). 

3f  we  wish  to  calculate  thi:  ptntniagt  of  urea  we  may  do  so  by  means  of  the 
Ilcvwing  proportion  in  which  y  rcprcsenu  the  %*«luine  of  urine  uMd  and  w  denotes 
,e    weight  of  the  urea  contained  in  the  volume  y: 

y  :w.:x  :  (penttUage  of  urea). 

Sodium  hypobromite  solution  nuy  also  be  employed  for  the  dc termination  of 

Iq  tiie  apparatus  <]cviM;(l  by  HQfiier,  which  is  pictured  in  Fig.  t6i. 
JnttrprttaiioK. — Sec  page  4i)j, 

Ammonia 


I 


1.  Fotin's  Method. — Principle. — The  ammonia  of  the  urine  is  set 
iiec  by  the  addition  of  an  alltaU  and  this  ammonia  is  then  carried  over 


Fig.  i6j. — Foux  Auuonia  Appasatds. 

by  an  air  current  into  a  flask  containing  a  mcusurcd  amount  of  standard 
acid.  The  excess  acid  is  then  titrated.  'I'he  necessity  for  distillation 
is  avoided. 

■The  vatucaof  J  for  the  lemperaturw  urdinarUy  met  with  are  given  !n  the  (oUuwing 

TeiMi.  Tenuon  in  mm.  Temp.                   Tension  tn  niin. 

tS°C.  13.677  »l'C IS.JOS 

lo'C.  iJSJO     »»*C. .....■- t9-6;S 

t7*C.  .  14-009     ij'C. ...,..,,,.., 10.909 

ia*C.  ,  [S-3S1     a4'C...... JJ.iti 

ig'c  :6.34s   »s*c n*i 

»^' »7.3P6 
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Proctdaie.— PUc«  is  c.c.  of  urine  in  an  aerometer  cylinder,  20-40  on.  ii 
height  (Fig.  163,  p.  499),  add  about  i  gram  of  dry  sodium  carbonate  and  InlnAiM 
some  crude  petroleum  to  prevent  foaming.  Insert  into  the  neck  of  the  cyEndtf  > 
rubber  stopper  provided  with  two  pert  orations,  into  each  of  which  passes  a  gtea 
tube,  one  of  which  reaches  belovr  the  iturface  of  the  liquid.  The  shorter  tale 
(10  cm.  in  length)  is  connected  with  a  calcium  chloride  tube  filled  with  cottooi  aui 
this  tube  is  in  turn  Joined  to  a  glass  tube  extending  to  the  bottom  of  a  500  ct 
wida^noothed  flask  wluch  is  intended  to  absorb  the  ammonia  and  for  this  pot' 
pose  should  contain  ao  cc  of  N/io  sulphuric  add,  300  cc  of  ammomi-bM 
distined  water  and  a  few  drops  of  an  indicator  (aliauia  rtd 
or  Congo  red).  To  insure  the  complete  absorption  of  tbt 
ammonia  the  absorption  fiask  is  provided  with  a  Fdin  im- 
proved absorption  tube  (Fig.  164),  which  is  vet;  effw- 
tive  In  causing  the  air  passing  from  the  cylinder  to  coat 
into  intimate  contact  with  the  add  in  th«  atwocptioa  fliA 
In  order  to  exclude  any  error  due  to  the  presence  e(  u- 
monta  in  the  air  a  umilar  absorption  apparatus  to  (he  OM 
Just  described  is  attached  to  the  other  side  of  the  aeiOB- 
eter  cylinder,  thus  insuring  the  passage  of  ammonia-frei 
air  into  the  cylinder.  With  an  ordinary  filter  foofni 
good  water  pressure  the  last  trace  of  ammonia  tbOoU  bt 
removed  from  the  cylinder  in  about  one  aud  one-half  horns.' 
The  number  of  cubic  centimeters  of  the  N/io  sulphuric  acid 
neutralized  by  the  ammonia  of  the  urine  may  be  detennified 
by  direct  titration  with  N/io  sodhun  hydroxide. 

Steele*  has  suggested  a  modification  for  use  on 
urines  containing  triple  phosphate  sediments,  b 
this  modilication  0.5-1.0  gram  of  NaOH  ud- 
about  15  grams  of  NaCl  arc  substituted  for  tlu 
NaiCOi  of  the  Folin  method.  The  use  of  sodiem 
hydroxide  and  chloride  instead  of  carbonate  has  also  been  reCKHS- 
mended  by  other  workers*  as  a  general  procedure,  inasmuch  as  ti^ 
phosphate  crystals  are  almost  always  formed  on  adding  &odttuncl^ 
boiiate  and  these  are  decomposed  with  some  difficulty  by  sodwa 
carbonate  but  readily  by  the  hydroxide.  It  has  not  been  jho«ii 
that  the  use  of  sodium  hydroxide  in  this  manner  brings  about  the 
decomposition  of  any  other  urinarj-  nitrogen  compounds. 

Calculation. — Subtract  the  number  of  cubic  centimeters  of  N/ro  so&s 
hydroxide  used  in  the  titration  from  the  number  of  cubic  centimeters  of  Ky  10  k^- 
phuric  acid  taken.  The  remainder  is  the  ntunber  of  cubic  centimeters  of  H 'i^ 
sulphuric  acid  neutralized  by  the  NH|  of  the  urine.    One  c.c  of  H/iosn^toK 

'  Willi  any  ^ivcn  Tiller  pump  m  "thtv^k"  tcsl  stiould  bi'  irmdc  wkh  uiin«  or,  beU«,  "W' 
•ululion  of  on  ammonium  .inltotknuwn  lUcni^th  todctcrniincbowtunt!  UicaircucKMi^ 
be  mnintaincil  tn  irninvR  .til  Ihc  nromoniit  from  15  c.c  of  tlie  tolulion. 

'SlKJc:  Jour,  Biol.  Chrm.,  S,  i<ii.  lyio. 

'Bencdici  and  (Mcrbtrg:  Biathctn.  Bull.,  3,  41,  1913. 
£ltuliui«k>- and  Gi«s-.  Biochon.  Bull.,  j,  Aii^W 
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dd  is  equivstent  to  0.0017  gram  of  NHi.  Therefore  if  y  represents  the  Totume 
(  urine  used  in  the  determination  and  y'  the  number  of  cubic  centimeters  of 
'/to  sulfuric  acid  neutralized  by  the  NHi  of  the  urine,  we  have  the  foDgwing 
niportioii: 

(J*  :too::T'Xo.ooi7:x  (percentage  of  NHiin  the  urine  examined). 
Calculate  the  quantity  of  NHi  in  the  34-hour  urine  specimen. 
Interpretaium. — Tbe  average  daily  output  of  ammonia  in  the  urine 
.  about  0.7  gram,  amounting  to  2.5-4.5  per  cent  of  the  total  nitrogen 
icretion.  It  is  increased  by  the  ingestion  of  adds  or  add-fonning 
jods  and  decreased  by  the  ingestion  of  alkalis  or  base-forming  foods, 
n  acidosis  it  may  be  very  greaUy  increased,  being  e-tcreted  in  com- 
instion  with  hydro-oxybutyric  and  other  acids.  Values  of  5  grams 
ave  been  noted.  It  is  at  the  same  time  increased  relative  to  total 
itrogcn  and  urea.  In  pronounced  liver  disorders  the  same  thing  is 
oted,  as  ammonia  is  not  so  completely  transformed  into  urea  before 
xcretion. 

2.  Micro-cheoiicalMethodofFolinandMacCallum.'— PnHi:i/>/f. — 
'his  method  is  a  combination  of  the  aeration  procedure  for  ammonia 
ith  its  colorimetric  determination  by  means  of  Nessler-Winkler  solu- 
ion.  It  gives  satisfactory  results,  but  Js  probably  not  as  accurate  as 
be  regular  Folin  procedure  where  the  amount  of  substance  for  analysis 
I  not  limited. 


Procedure. — By  means  of  Ostwald  pipettes  introduce  1--5  cc.  of  urine' 
ito  a  Jena  test-tube  (20-35  mm.  by  100  mm.)  and  add  to  the  urine  a  few  drops 
E  a  solution  containing  10  per  cent  of  potassium  carbonate  and  15  per  cent  of 
Dtassium  oxalate.  To  prevent  foaming  add  a  few  drops  of  kerosene  or  heavy, 
nide  machine  oil.  Pass  a  strong  air  current  (see  page  4^7)  through  the  mixture 
ntil  the  ammonia  has  been  entirely  removed.*  Collect  the  ammonia  in  a  100 
■e.  vohunetric  flask  containing  about  ao  cc  of  ammonia-free  water  and  3  cc 
f  n/io  acid. 

Nesslerize  as  described  in  the  method  for  total  nitrogen,  page  488,  and  corn- 
are  with  I  mg.  of  nitrogen  obtained  from  a  standard  ammonium  sulphate  solu- 
ion  and  similarly  Nesslerized. 

It  has  been  noted  that  a  trace  of  something  capable  of  ^ving  a  color  with 
ha  Heaaler-Wtokler  solution  continues  to  come  long  after  all  the  ammonia 
las  been  removed  from  the  urine.  The  nature  of  this  substance  has  not  yet 
■een  determined.  In  actual  determinatjons  by  this  method,  tbe  influence  of 
hia  unknown  substance,  because  of  the  small  volume  of  urine  used,  is  entirely 
legUgible. 

■  FoUn  iind  MjcCallum:  Jt^r.  Bit/l.  Ckem.,  11,  $1),  19U. 

>T1ir  vi'iliirtjr  "f  urine  i;tk en  should  contain  0.75-1.1  mg.  olanimonia  ciliogen.     With 
lomuJ  urinn  1  cc.  wiil  Ki'utrmlly  )-ieUI  the  desired  amounL     With  very  dilute  urine*  j  c.C. 
Bay  b«  ta|uired.  whilr  with  diabetic  uriau  rich  in  amfflonium  toll*  i  cc  rnny  be  cxtcuive. 
bm  rtqiuring  dilution. 
,*OldiiarUy  apenojo/trn  mlautaSa  »ufl)deQtly  lontt. 
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3.  Fonnol  Titration  Method  (Malfatti).'— /'o«c»^«.— This  method 
is  based  on  the  reaction  taking  place  when  foimalin  solutioa  is 
added  to  a  solution  containing  ammonium  salts  (see  Amino-add 
Nitrogen,  below).  An  add  reaction  is  produced  in  the  miiture, 
which  is  then  titrated  with  standard  alkali  using  phenolphthaleiu  as 
an  indicator.  Amino-acids  give  the  same  reaction  so  that  the  result 
of  the  titration  represents  ammonia  -f-  amino-add  nitrogen.  This 
method  may  be  used  for  the  rapid  clinical  estimation  of  these  forms  of 
nitrogen  as  a  substitute  for  an  ammonia  determination,  but  the  results 
do  not  represent  ammonia  as  is  sometimes  stated. 

Procedure. — To  35  c.c  of  urine  in  a  300  c.c.  Erienmeyer  fluk  add  ij-io 
grams  of  finely  pulverized  potassium  oxalate,  a  few  drops  of  phenolphttnlan, 
and  titrate  to  a  faint  but  permanent  innk  color  with  H/io  NaOH.  (Tlie  nine 
mixture  just  after  neutralization  in  the  urinary  acidity  determiiution  (see  psfc 
479)  may  be  used.)  Then  add  10  cc  of  neutral  formalin  solution  (see  unino- 
add  nitrogen),  mix  well  and  titrate  with  N/io  sodium  hydroxide  to  a  permanent 
pink  color. 

CalculatioD. — One  c.c.  of  N/io  sodium  hydroxide  is  equivalent  to  1.7 
mg.  of  ammonia.  Multiply  the  number  of  cubic  centimeters  of  N/io  alUi 
used  by  1.7  and  by  4  to  get  the  number  of  milligrams  of  ammonia  +  amioo- 
acid  nitrogen  (expressed  as  ammonia]  in  too  cc  of  the  urine  examined. 

Amino-Acid  If  itrogen 

I.  Henriques-SSrecsen  Fonnol  Titratioii  MeAod.* — Principle.— 
A  solution  containing  amino-acids  is  nearly  neutral  in  reaction.  If 
formaldehyde  be  added,  however,  the  following  reaction  takes  place 
with  the  formation  of  methylene  derivatives  which  an  more  strongly  add 
in  reaction  due  to  the -destruction  of  the  basic  properties  of  the  amiiio 
groups.  The  carboxyl  groups  may  then  be  titrated  using  phen- 
olphthalein  as  an  indicator. 

R.CH.NHi 

I  +CHiO  =  R— CH— N:  CH,  +  HjO. 

COOH  \ 

COOH 

The  acidity  as  shown  by  the  titration  is  a  measure  of  the  amount  of 
amino-acid  nitrogen  present.  Ammonia  likewise  reacts  with  fomulde- 
hyde  in  a  similar  manner  as  is  shown  in  the  following  equation: 

4NH4Cl+6CH,0  =  Ni(CH-)«+6H,0+4HCl. 

Hence  the  formol  titration  in  the  presence  of  amiponia  gives  results 

which  include  both  amino-acid  and  ammonia  nitrogen.    Ammonia 

'JUal/aiti;  Z.  anal.  Cktm.,  47,  273,  iqo8. 

^ifenriquesand  Sorensen:   Zeil.  fkjsiol.  chtm.,()4ii«>.iV*<»- 
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lay  be  delermined  and  a  correction  applied,  or  the  ammonia  may  be 
imoved  by  means  of  phosphotungstic  add.  Phosphates  also  inter- 
jre  by  obscuring  the  end-point  and  are  removed  by  the  addition  of 
arium  salts. 

It  must  be  borne  in  mind  that  poij-pcptidcs  and  still  more  complex 
rot«in  derivatives  likewise  react  with  formol  to  a  certain  degree  so 
lat  the  results  do  not  strictly  represent  "amino-acid  nitrogen." 

The  method  is,  with  some  modifications  involving  the  preparation 
t  the  solution  to  be  titrated,  applicable  in  the  determination  of  amino- 
cids  in  any  medium,  e.g.,  urine,  protein  digests,  etc.  When  poorly 
issociated  acids,  e.g.  some  fatty  acids,  arc  present,  these  will  in  part 
e  included  in  the  result  and  lead  to  values  which  are  too  high.  Certain 
{  the  amino-acids  when  present  in  large  amounts  will  give  erroneous 
esults,  but  in  the  ordinarj'  urine  or  digest  these  errors  are  either 
cgUgibic  or  compensate  each  other.  In  the  titration  of  colored  solu- 
ions  the  control  solution  which  is  necessary  in  this  method  must  be 
olored  to  correspond  with  the  color  of  the  unknown  solution. 

Procedure. — The  detenmnation  of  the  amino-scids  Is  carried  out  as  follows: 
"he  solution  to  t>e  analyzed,  if  carbonates,  phosphates  and  ammonia  are  absent, 
1  made  neutral  to  litmus  (paper)  end  the  solution  titrated  with  formalde- 
.yde  as  below.'  In  case  carbonates,  phosphates  or  ammonia  are  present  n 
retimmarf  treatment  is  necessary  which  will  vary  according  to  the  quantity 
t  ammonia  present. 

(a)  For  Small  Amounts  of  Ammonia.-  Applicable  to  most  urines.  Fifty 
.C.  of  the  material  under  examination  is  pipetted  into  a  100  c.c.  measurinf 
task  and  i  c.c.  phenolphthalein  solution-  and  1  grams  of  solid  barium  chloride 
re  added;  the  whole  is  shaken,  to  saturate  the  solution  with  barium  chloride; 
aturated  barium  hydroxide  solution  is  added  until  the  red  color  of  the  pheaol- 
btbalein  develops  and  then  an  excess  of  5  c.c.  is  added.  The  flask  is  filled 
0  the  graduation  mark  with  water,  shaken  and  permitted  to  stand  for  15  minutes, 
iter  which  it  is  fillered  through  a  diy  filter.  Eighty  c.c.  of  the  clear  red  filtrate 
which  corresponds  to  40  c.c  of  the  Uquid  under  examination)  are  placed  in 
.  100  c.c  measuring  flask,  neutralized  to  Utmus  and  diluted  to  100  cc  with 
resfaly  boiled  water.  Equal  portions  of  this  solution,  40  cc.  (equivalent  to 
6  c.c.  of  the  original  solution),  may  be  taken  for  analysis,  one  for  (he  formol 
itratioD  and  the  other  for  the  determination  of  ammonia  nitrogen.' 

lb)  For  Large  Amounts  of  Ammonia.  -After  the  treatment  with  pbeool- 
ihthalein,  barium  chloride,  and  bariimi  hydroxide,  and  the  solution  has  been 
liluted  to  100  cc  as  in  (a)  above,  the  ammonia  is  distilled  oS,  in  vacuo.' 

'  Asa  slandatd  of  CQiaparijon  the  litmus  paper  used  for  ncutiaU^alion  ii  confuted  with 
-UiB9arpiecc<lippc<lin  AphmphaicsolutionhsvinKa  neutral  reaction  (M/tjKH|POiand 
l/tS  Na,HPOJ. 

■  A  wlution  of  o.f  gram  vt  phrnolphlbalein  in  50  c.c.  of  nlcnhnl  and  50  c.c.  of  water. 

*Tbc  detcnninatioB  of  amntonia  may  bcdiipenied  with  in  cm*  a  wpataic  dctcrmina- 
ionts  DMuk. 

*  For  jnrtlciiUn  with  regard  to  the  ditliUation,  etc..  Me  Henrtciuea  and  SOien»eii :  Ztil. 
itytiot.  Ckcm.,  64.  IJ7>  >909. 
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In  case  the  eolutiOD  is  deeply  colored,  ae  in  protein  digests,  it  may  b«  mm- 
ury  to  decoloriie'  before  the  titrstioii  is  attempted. 

Final  TitrattotL— For  the  fiital  titration  a  volume  of  bom  10-40  cc  viiA  en- 
taias  approximately  0.015  tram  of  nitrogen  is  the  most  desirable.  A  CMbtl 
solution  is  r\in  composed  of  an  eijual  volume  of  boiled  distilled  water  and  m  u. 
ol  the  fomuldefayde  mixture.*  This  control  solution  is  colored*  so  Ihtl  itt 
tint  matches  that  of  the  solution  to  be  titrated. 

To  this  control  is  added  about  half  the  volume  of  H  '5  alkali  wbkbvUIbi 
used  in  the  titration  of  the  solution  under  investigation  and  it  is  then  tibattl 
with  N/5  acid  (o  a  faint  red  (first  stagel.* 

An  additional  drop  of  N  5  alkali  Is  added,  which  imparts  a  distinct  nd  li 
the  solution  (second  stage). 

The  solution  to  be  snalyied  is  now  titrated  to  the  color  produced  la  6t 
second  stage  of  the  control.  The  formaldehyde  mixture  is  now  added;  10  cc 
(or  each  30  cc.  of  the  solution,  and  the  mixture  ^[ain  titrated  to  the  sacoat 
stage  with  N  5  alkali.' 

Two  drops  of  the  N '5  alkali  are  now  added  to  the  control  solution  wfaid 
assumes  a  deep  red  color  (third  stage).  Fifth  normal  alkali  is  now  addedu 
file  solutioa  under  examination  until  it  assumes  a  color  corresponding  to  &t 
third  stage  of  the  control.     This  completes  the  titration. 

Calculation. — The  calculations  are  similar  to  those  which  pertain  (0  117 
acUineti;  procedure.  Each  cubic  centimeter  of  an  H.'s  alkali  or  acid  solutka 
Is  equivalent  to  0.0028  gram  of  nitrogen.  An  example  will  illustrate  the  fftK 
cedure:  40  cc.  of  solution  (16  cc  of  urine)  required  5.10  cc  n/5  RaOB; 
control,  o.io  cc.  N/5  RaOH;  total  required  for  amino-adds  5.00  cc.  equivahm 
to  0.014  gram  of  nitrogen.  Ammonia  nitrogen  in  16  cc  of  urine  0.007  grsaiH- 
Then  0.014—0.007=0.007  gram  amino-acid  nitrogen  in  16  ex.  of  urine.         ■ 

Iiiterprelalion-  The  excretion  of  total  amino-acid  nitrogen  by  1 
normal  adull  averages  between  0.4  to  i.o  gram  per  day  or  from  2  to» 
per  cent  of  tJic  total  nitrogen.  Free  amino-acid  nitrogen  (sec  Van 
Slyke  procedure)  is  considerably  less  than  this,  ordinarily  0.3  to  t.o 
per  cent  of  the  total  nitrogen.  The  amount  may  be  largely  increajed 
in  disorders  associated  with  tissue  waste  as  typhoid,  in  pron^ 
atrophy  of  the  Uver,  acidosis,  etc. 

a.  Benedict-Mnrlin  Modification.' — Pfiuciple. — In  this  method  the 
is  removed  by  means  of  phosphotungstic  add,  and  excess  acid  as  weU  as  1 
an<l  [)ha>iibutet  carrinl  down  with  t>urium. 

■PormcIhodftMC  Jcswnnanstn,  Abdcrhaldcn's  Arbeit*  Methodeo,  vol.fi.p.  iOM(it 

'ThQformalcleliydoolulionlstreshlyprtfparcxI  (omchsetofdeiermliiRUonsufow*^ 
to  CO  cc.  oi  commercial  (ortnoldchydc  (formo!)  (3C-40  per  ceol)  add  i  ex.  of  ibelkn^ 
^Utalein  tolulion.  N/i  alknlj  i»  then  added  unljl  thr  mixture  lioquiret  a  faint  red  obT' 
The  volume  of  the  formaldehyde  used  will  vary  with  the  volunitot  the  solution  to btsi*- 
lyied;  approximately  10  cc  of  the  formatin  solution  arc  added  {or  e«ch  10  cc.  «J  tkc  V- 
kaown  MJution. 

■SolutioDof  Bismark  brown  Is  very  sati>fn(tor>'  for  urines.  TroMiofla  0,  Ti^aila 
00.  ^-nltto-pli«Dol,  niethyl  orange  or  atixarin  sulj)hi>Dale,  may  be  used. 

*  ThU  procedure  u  recommended  in  order  that  the  filial  vohime  of  the  contiel  sad  tkt 
unknown  (nlutiong  »hivl1  be  npriroiiiniaicly  the  same  when  the  pfOCCSB  U  complete 

■Thii  is  best  accompli&bed  by  addinx  alkali  unl!l  Ihr  color  U  dNpet  than  that  ol  tat 
conttol,  Ihrn  acid  aesin  until  Vignicr  and  fmaUy  elltali  lu  the  dsired  color. 
■Benedict  and  Murlin:  Jour.  Bial.  Clitm.,  i(t,  i&^,  k^vj. 
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Procedure. — Measure  into  a  500  c.c.  Eiienmeyer  flask  aoo  c.c.  of  a.  34-hour 
irine  which  has  been  diluted  to  3000  c.c.  (or  its  equivalent).  Add  an  equal  volume 
A  10  per  cent  phosphotungstic  acid  (Merck)'  in  a  per  cent  HCl.  Let  stand  at  least 
Jiree  houra,  better  over  night.  Pour  oS  350  c.c.  of  the  clear  fluid,  add  i  c.c.  of  a 
k5  per  cent  solution  of  phenolphthalein  and  then  barium  hydroxide  in  substance 
intil  the  whole  fluid  turns  decidedly  pink.  The  barium  hydroxide  should  be  added 
,  very  little  at.a  time.  Let  stand  one  hour.  Filter  off  two  100  c.c.  samples  (»  50 
;c.  urine).  Neutralize  these  samples  to  litmus  (using  good  quality  litmus  paper) 
rith  N/s  HCl.  Add  at  once  lo-ao  c.c.  of  neutral  formalin'  and  titrate  cautiously 
o  a  deep  red  color,  i.e.,  until  the  drop  produces  no  additional  color  with  N/io 
^aOH.  Deduct  from  the  result  thus  obtained  the  amount  of  N/io  NaOH  neces- 
aiy  to  produce  the  same  depth  of  color  in  an  equal  quantity  of  water,  freed  from 
arfoon  dioxide  by  boiling  and  cooling,  and  to  which  an  equal  volume  of  neutral 
onnalin  has  been  added. 

Calailalion. — One  c.c.  of  N/io  NaOH  is  equivalent  to  1.4  n^,  of  amino-acid 
litrogen.  Multiply  the  number  of  cubic  centimeters  of  N/io  NaOH  used  (after 
leductiog  for  control  as  indicated  above)  by  1.4  and  by  2  (as  the  equivalent  of  50 
LC.  of  urine  was  used)  to  obtain  the  number  of  milligrams  of  amino-acid  nitrogen 
n  100  c.c.  of  the  urine. 

Interpretation. — See  page  504- 

3.  Method  of  Frey-Gigon.* — Principle. — The  ammonia  is  removed  from  the 
irine  by  aspiration  after  treatment  with  barium  hydroxide  and  the  formol  titration 
jerformed  in  the  usual  manner. 

Procedure. — Treat  50  c.c.  of  urine  in  an  aerometer  cylinder  such  as  used  in  the 
folin  ammonia  method,  with  30  c.c.  of  saturated  barium  hydroxide  solution  and 
1$  cc.  of  alcohol.  Aspirate  for  two  or  three  hours,  using  a  slow  current  of  air. 
rhe  ammonia  is  carried  off.  (It  may  be.  collected  in  standard  acid  solution  and 
letenniaed  as  In  the  Folin  method  (see  page  499)  if  desired.)  Transfer  the  urine 
mixture  quantitatively  to  a  350  c.c.  flask  and  make  to  mark  with  distilled  water. 
Sbske  well,  allow  to  settle,  Alter.  Take  100  c.c.  of  the  filtrate  and  just  neutralize 
iritb  N/5  hydrochloric  acid,  using  rosolic  add  as  an  indicator.  Then  to  another 
[Oo  c.c.  portion  of  the  filtrate  add  an  amount  of  the  standard  acid  equal  to  that 
idded  to  the  first  portion.  Next  add  ro  c.c.  of  neutral  formalin  solution,  a  few 
Irops  of  phenolphthalein  and  titrate  in  the  usual  maimer  to  a  red-violet  color, 
^culate  as  in  the  preceding  method. 

The  amino-acid  nitrogen  may  also  be  approximately  determined  by  carrying 
lut  the  titration  for  ammonia  +  and  amino-add  nitrogen  as  given  imder  Ammonia, 
page  S03,  making  a  separate  determination  of  ammonia,  and  subtracting  the  latter 
result  from  the  former. 

4.  Van  Slyke's  Method  for  Total  Amino-Add  Nitrogen.* — Take  35  c.c  <^ 
Bifoe*  and  mix  with  r  cc,  of  concentrated  sulphuric  add  and  heat  in  an  auto- 
dara  at  iSo"  (oil  bath  temperature)  for  one  and  one-half  hours.  Transfer  to  a 
JO  cc  flask  and  add  3  grams  powdered  caldum  hydrodde.  Shake  thoroughly, 
Daka  19  to  so  cc.  and  filter  through  a  dry  folded  filter.    Transfer  30  c.c.  of  the 

^  Kahlbaum's  preparation  is  a  very  different  substance. 

*To  50  c.c.  commercial  formalin  solution  {30-40  per  cent)  add  i  c.c.  of  phenolphthalein 
ulntlon  and  then  N/j  NaOH  to  a  very  faint  pink  color.  The  solution  should  be  freshly 
jtrepared. 

'Frey  and  Gigon:  Biochem.  Zeil.,  22,  509,  1909. 

*V8nSlyke:  Jour.  Biol.  Chcm.,  16,  i»s,  1913. 

' See  (Van  Syke:  Proc.  Soc.  Exp.  Biol,  and  litd.,  ij,  63,  iqi^l  Iqt  tataVwit^^ <A ^i■el.■si*s. 
vntmining  glacoae  or  albumin. 
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filtrate  to  ■  J«ii>  k^sr  waporating  dish  and  concentrate  to  dirness  on  the  watct- 
bath.  This  requires  about  half  an  hour.  The  residue  is  moistsDed  with  i  cc, 
of  50  per  cent  aEctic  add  to  bring  the  calcium  hydroxide  aod  carbonate  into 
soJutioa,  and  is  then  washed  into  a  10  cc.  flask  and  fUled  up  to  the  mark.  Om 
can  use  the  entire  Bolution  (or  determination  of  the  amino -nitrogen  in  the  laift 
aminO'Sppetratus,  or  tise  i  cc.  portions  for  the  micro-apparstus.  iSea  Vi 
Slyke  Apparatus,  Figs.  34  and  35,  p.  88  in  Chapter  IV  on  Proteins.) 

The  length  of  time  which  the  nitrous  acid  sohition  should  be  shakea  in 
to  drive  oflF  all  the  amino-nitrogen  depends  somewhat  on  (he  temperai 
Whrn  the  latter  is  ts-jo'  the  lime  should  be  five  to  four  minutes;  for  ao-ij'il 
is  three  minutes,  for  35-  30°,  two  and  a  half  to  two  minutes.     It  is  preferaUl 
that  the  solution  should  be  shaken  vigorouKly  with  a  motor  and  the  time  ktpl 
down  to  these  limits,  for  the  sake  not  only  of  rapidity  but  of  accuracy. 

Van  Slyke's  Method  for  Free  Amino-Acid  Nitrogen. — To  35  cc  of  arise' 
in  a  50  cc  fUsk  add  urease  sohition  snd  allow  to  stand  foe  oo«  and  wt-biH 
tiroes  the  interval  which  has  been  found  necessary  to  effect  the  raaxfanuffl  de- 
composition of  urea,  as  observed  by  titration  of  the  ammonia.  The  last  tnctf 
<rf  urea  are  decomposed.  At  the  end  of  the  digestion  period  10  cc.  ol  a  10  p«r 
cent  suspension  of  calcium  hydroxide  are  added,  the  mijcture  shaken  and  ntidc 
up  lo  50  cc  Then  filter,  evaporate,  and  complete  the  determination  accardio| 
10  the  method  outlined  under  total  amino-ncid  nitrogen,  above. 

Creatinine 

Folin's  Coloiimetric  Method.— Principte.-  This  method  is  based 
upoa  the  characteristic  property  possessed  by  creatinine,  of  yielding  i 
certain  definite  color-reaction  in  the  presence  of  picric  add  in  alkaline 
solution. 

Procedure.— Place  10  cc  of  urine  in  a  500  cc  volumetric  flask,  add  15  cc  of  1 
saturated  solution  of  picric  acid  and  5  cc.  of  a  10  per  cent  solution  of  sodiim  kf* 
drozide,  shake  thoroughly  and  allow  the  mixture  to  stand  for  five  minutes.  Dsriiit 
this  interval  pour  a  little  N,  1  potassium  bichromate  solution*  into  each  of  the  twv 
cylinders  of  the  colorimeter  >,Duboscq's,  see  Fig.  153,  p.  4861  and  carefully  tdjusi 
the  depth  of  the  solution  in  one  of  the  cyUnders  to  the  8  mm.  mark.  A  few  preliiiu- 
nary  cdorimetric  readings  may  now  be  made  with  the  solution  in  the  other  cjlindtii 
in  order  to  insure  greater  accuracy  In  Ibe  subsequent  examination  of  the  BOhitioD  (^ 
unknown  strength.  Obviously  the  two  solutions  of  potassium  bidmmate  m 
identical  in  color  and  in  their  examination  no  two  readings  should  dlfier  more  tbio 
o.tH>.3  mm.  fro:n  the  true  value  :8  mm.!.  Four  or  more  readings  ahonld  be  lud* 
in  each  case  and  an  average  taken  of  all  of  them  cxctusivc  of  the  first  reading) «t>U> 
Is  apt  to  be  less  accurate  than  the  succeeding  readings.  In  lime  as  one  btccot* 
proficient  in  the  technic  it  is  perfectly  safe  to  take  the  average  of  the  first  tw» 
readings. 

At  the  end  of  the  five-minute  interval  already  mentioned,  the  conteottofte 
500  cc  flask  are  diluted  to  the  500  cc  mark,  the  bichromaie  solution  is  tborolM' 
rinsed  out  of  one  of  the  cycUnders  and  replaced  with  the  solution  tfaua  prepatadtad 
a  number  of  colorimetric  readings  are  immediately  made. 


".Sceuulcj.  pap:  505. 

'This  sukiion  contaiuv  ia-SS  K^nu  n\  povbituunt' VAtlbiwtiUe  u  the  liltr 
creatinine  standard  is  to  be  pic1«tTc4,  ^cc  v-  y*"'- 
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Ordinuily  10  cc  of  urine  is  used  in  the  detenninatioa  by  this  method,  but  if 
the  content  of  creatinine  is  above  15  mg.  or  below  5  mg.  the  determination  should 
be  repeated  with  a  volume  of  urine  selected  according  to  the  content  of  creatinine. 
This  variation  in  the  volume  of  urine  according  to  the  content  of  crtetinine  is  quite 
essential,  ^ce  the  method  losei  in  accuracy  when  more  than  15  mg.  or  less  than 
5  mg.  of  creatinine  is  present  in  the  solution  of  unknown  strength. 

Calculation. — By  experiment  it  has  been  determined  that  10  mg.  of  pure  crea- 
tioine,  when  brou^t  into  solution  and  diluted  to  500  cc.  as  explained  in  the  above 
method,  yields  a  mixture  8.1  mm.  of  which  possesses  the  same  colorimetiic  value 
as  S  mm.  of  a  N/3  sohition  of  potassium  bichromate.  Bearing  this  in  mind  the 
compotatiim  is  readily  made  by  means  of  the  following  proportion  in  which  y  repre- 
sents the  number  of  millimeters  of  the  solution  of  unknown  strength  equivalent  to 
Oie  8  nun.  of  the  potassium  bichromate  solution : 

y  :S.i  ::io  :z  (mg.  of  creatinine  in  the  quantity  of  uiine  used). 

This  prc^ortion  may  be  used  for  tiie  calculation  no  matter  what  vohnne  of 
mine  (5, 10,  or  15  cc)  is  used  in  the  determination.  The  10  represents  to  mg.  of 
creatinine  which  i^ves  a  color  equal  to  8.1  mm.,  whether  dissolved  in  5, 10,  or  15  cc 
of  fluid. 

Calculate  Qie  quantity  of  creatudne  in  the  34-hour  uiine  specimen. 

Interpretation. — The  daily  excretion  of  creatinine  by  an  adult  of 
medium  weight  averages  about  li^  grams.  The  value  is  nearly  con- 
stant from  day  to  day  for  a  given  individual  being  influenced  by  the  diet 
hardly  at  all  unless  this  contains  much  preformed  creatinine  (as  in  case 
of  a  heavy  meat  diet).  The  excretion  of  creatinine  is  to  a  certain  extent 
a  measure  of  muscular  efficiency  and  of  the  amount  of  active  muscle 
tissue  in  the  body.  Relative  to  body  weight  less  creatinine  is  excreted 
by  obese  persons. 

Creatinine  excretion  is  decreased  in  disorders  associated  with  mus- 
cular atrophy  and  muscular  weakness.  It  increases  with  increased 
tissue  cetabolism  as  in  fever. 

By  the  "creatinine  coefficient"  is  meant  the  number  of  milligrams 
of  creatinine— fii/ftfgcM  excreted  daily  per  kilo  of  body  weight.  This 
varies  under  normal  conditions  from  7-1 1. 

Use  a/Pure  Creatinine  Standards. — Instead  of  using  as  a  standard  a  potassium 
dichromate  solution  as  above  indicated,  a  solution  of  pure  creatinine  is  to  be  recom- 
mended. By  using  this  certain  arbitrary  factors  are  eliminated  and  the  method 
becomes  of  more  general  applicability.  The  standard  need  not  be  set  at  a  definite 
mark  as  is  ueceasary  in  the  case  of  dichromate  and  temperature  and  time  have  less 
influence  on  the  accuracy  of  the  results.  A  stock  solution  of  pure  creatinine  (made 
according  to  Benedict's  directions;  see  Chapter XXII  on  Physiological  Constituents 
of  Urine)  is  made  by  dissolving  1  gram  of  the  substance  in  suflicient  N/io  HCl  to 
make  a  liter.  This  solution  contains  1  mg.  of  creatinine  per  cubic  centimeter.  In 
carrying  out  the  determination  treat  locc.  of  the  stock  solution  in  the  same  way  and 
St  the  same  time  as  the  10  cc.  sample  of  urine.  Compare  in  the  colariineteT.  The 
calculation  s  mmp}e.     The  reading  of  the  standard  dWvdcA  \iV  i.\ie  tt:'i.&-at  qV -Csa 
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urine  gives  directly  the  number  of  milligrams  of  creatinine  per  cubic  centimcteiof 
urine. 

VdSn'a  MiratKfaemical  Modiflcatioii.' — Principle. — The  prindple  is  tbe  sum 
as  that  of  the  original  cotorimetric  method  (see  page  506).  This  procedure  is  to  be 
recommended  particularly  where  only  small  smoimts  of  material  are  svaOaUe. 

Procedure. — One  c.c.  of  the  standard  creatinine  (see  above)  solution  (r  mg.  per 
c.c)  is  measured  into  a  too  c.c.  volumetric  flask  and  i  c.c.  of  urine  into  another; 
30  c.c.  of  saturated  picric  add  solution  (measured  with  a  cylinder)  are  added  to 
each  and  then  1.5  c.c.  of  a  ro  per  cent  solution  of  sodium  hydroxide.  At  the  end 
of  ten  minutes  the  flasks  are  filled  up  to  the  mark  with  tap  water  and  the  coloi 
of  the  unknown  is  determined.  The  reading  of  the  standard  divided  by  the 
reading  of  the  unknown  gives  directly  the  number  of  milligiama  of  creatinine  in 
the  amount  of  urine  taken  for  analysis. 

3.  Shaffer's  Modification  for  the  Detenttinatkm  of  Creatiiiiiie  in  Wtrj  TObta 
SolutionB.* — The  regular  Folin  procedure  is  not  accurate  when  applied  to  urioes 
containing  less  than  ao  mg.  of  creatinine  per  100  cc.  By  a  slight  modification  it 
becomes  applicable  to  creatinine  solutions  containing  as  little  as  1  mg.  or  less  per 
100  c.c. 

Procedure. — To  the  solution  under  examination  add  an  equal  volume  of  sttn- 
rated  picric  add  solution  and  one-tenth  this  volume  of  10  per  cent  sodium  hydroxide 
solution.  After  standing  6-10  minutes  the  liquid  is  diluted  to  a  definite  volmne 
depending  upon  the  intensity  of  the  color  developed.  With  very  dilute  solutions 
one  may  add  solid  picric  acid  equivalent  to  half  saturation  (0.6  per  cent)  and  vben 
dissolved,  one-twentieth  the  volume  of  sodium  hydroxide.  Provided  tfae  citatiniiM 
solution  itself  has  not  sufficient  color  to  interfere,  the  results  by  this  method  apptu 
to  be  as  accurate  as  the  original  procedure.  The  coloiimetric  readings  and  calcu- 
lations are  made  in  the  same  way  as  in  the  preceding  methods. 

Creatine 

Fdin-Benedict  Method.' — Principle. — Creatinine  on  boiling  with 
add  is  transformed  into  creatinine.  By  determining  the  content  of 
creatinine  before  and  after  the  acid  treatment  we  are  able  to  calcul&te 
the  amount  of  creatinine  originally  present  in  the  urine.  The  Fcdin 
colorimetnc  method  (page  506)  is  used  for  determining  the  creatinine 
in  both  cases.     The  method  is  not  applicable  to  diabetic  urines. 

Procedure. — Introduce  into  a  small  flask  or  beaker  10  cc.  of  the  mine  ti> 
be  examined.  (If  10  c.c.  contains  more  than  13  or  less  than  7  mg.  of  totil 
creatinine  use  a  correspondingly  smaller  or  larger  volume  of  mine.)  Add  bm 
10-30  cc.  of  normal  HCl,  and  a  pinch  or  two  of  powdered  ot  granulated  bad. 
Boil  the  mixure  over  a  free  flame  as  slowly  or  as  rapidly  as  may  be  desired,  snlil 
very  nearly  down  to  dryness,  when  the  beating  should  be  contiaued  to  dijnM 
either  on  the  water-bath  or  very  easily  by  simply  holding  the  vessel  in  flu  hud 
and  heating  carefully  for  a  moment  or  two.  Let  the  residae  stand  on  Qie  witei' 
bath  for  a  few  minutes  imtil  most  of  the  excess  of  hydrochloiic  add  gu  has  t>M>i 

'  Folin:  Jour.  Biol,  Chem.,  17,  469,  1914. 
'Shaffer:  Jour.  Biol.  Chtm.,  18,  515,  iq^*. 
'fienedict:  Jcur.  Biol.  Ckcm.,  18,  igx,  ii^iv 
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expelled,  after  which  dissolve  it  in  abool  lo  c.c.  of  hot  water  and  rinse  tfi«  solu- 
tioo  quantiutivelr  Ihiough  a  plug  of  coHon  or  glass  wool  (to  remove  all  metallic 
lead)  Into  a  500  cc  volumetric  flask.  Add  30-35  cc.  of  a  saturated  picric  add 
Bolutioii  and  about  7-8  c.c.  of  a  10  per  cent  NaOB  solution,  which  contains  5 
per  cent  of  Rochetle  salt.'  At  the  end  of  five  minutes  fitl  to  the  mark  with  water 
and  read  in  the  colorimeter  just  as  in  the  case  of  creBtinine  (see  ptigc  506). 

Calculation. —Calculate  the  creatinuie  content  of  the  solution  in  the  same 
manociasgiven  under  Creatinine  (juigeso?).  Fromtfaevalnetfausobtained  sub- 
tract the  value  for  the  creatinine  content  of  the  urine  before  dehydration.  The 
difference  will  be  the  creatine  content  of  the  orijpnal  urine  in  terms  of  creatinine. 

Interpretation. — Crc.itine  occur*  only  in  very  small  amounts  in  the 
urine  of  normal  adults,  but  is  found  in  larger  amounts  in  that  of  childreo 
(10  to  30  n^S-  P^  dA>')-  Creatine  ingestion  in  adults  has  little  effect 
on  the  urinar>'  excretion.  In  fasting,  the  amount  as  markedly  increased 
(it  may  amount  to  100  mg.  or  more  per  day).  Creatine  also  appears 
in  the  urine  after  high  water  ingestion.  It  is  found  in  many  i>athological 
conditions  associated  ^vith  malnutrition  and  disintegration  of  muscular 
tissue,  in  fever,  etc.  Ver>'  large  amounts  have  been  found  in  cases  of 
carcinoma  of  the  liver. 

2.  FoHn-Benedict  and  Myers  Method.*— To  lo  c.c.  of  urine  in  a  50  cc.  volu- 
metric ilask,  add  30  c.c  of  nornul  liyclrochlciric  acid  and  jiluce  tlic  fi;u>k  in  an  auto- 
clave at  a  temperature  of  117-1  J0°  C.  for  one-half  hour.  Add  distilled  water  until 
the  votiune  of  the  acid.uiine  mixture  is  exactly  jo  c.c,  clojte  the  fl.-isk  by  means  of 
a  stopper,  and  shake  it  thoroughly.  Approximately  neutralize  3$  C-C-  of  this  miz- 
ture,  Introduce  it  into  a.  500  c.c.  volumetric  Jlaik  anil  determine  its  creatinine  con- 
tent according  to  Folin's  Colorimctric  Method  (see  page  506). 

For  calculation  and  interpretation  see  tlic  foregoing  method. 

3.  Method  of  Folio.* — Water-bath  Procedurt. — Heat  10  c.c.  of  urine  witli  5  c.c 
of  normal  hydrochloric  acid  on  the  boiling  watcr-balh  or  at  <)0°C.  for  three  hours. 
Tbe  creatine  i*  tcan.ifonned  into  creulinine*.  Some  darkening  takes  place  but  this 
docs  not  interfere  because  of  the  subsequent  dilution.  Tbe  mixture  is  made  up  to 
SO  cc,  25  cc.  of  this  is  taken,  neutralized,  and  creatinine  plus  creatine  determined 
just  as  in  tbe  case  of  creatinine  nlonc  The  creatine  is  obtained  by  difference. 
This  procedure  may  be  used  for  diabetic  urines  which  is  not  the  case  with  the  auto- 
clave procedure  nor  with  the  Benedict  modlficitliun.  It  b  perhaps  not  quite  so 
accurate  as  the  autoclave  procedure. 

4.  MiCTOChemical  Modification  of  Potin.'~By  greutly  diluting  the  urine  the 
time  required  for  the  conversion  of  creatine  to  creatinine  is  decreased,  and  picric 
add  can  be  substituted  (or  miiuTal  acid. 

ProeeJifrt. —Knov^h  urine  lo  give  0,7-1.3  mg.  of  creatinine  is  measured  into 
a  weighed  Erlenmeyer  Jena  flask  (capacity  100  c.c.) ;  lo  c.c.  of  saturated  picric  acid 
solution,  about  ijo  c.c  »f  uuter,  and  a  few  very  smidl  pebbles  to  promote  c^n 
boiling  arc  added  and  the  mixture  is  gently  boiled,  preferably  over  a  micro-burner 

'  The  Roehelle  wit  should  be  picseat  to  prevent  any  tormalion  of  turbid5ly,  wfalcb 
OlfacrwtH:  may  occur,  due  lo  the  prcwnceof  traces  of  diMalved  lead. 
'Benedict  and  Myers:  Am.  J.  fhys,,  18,  ^97,  1907. 
'  Folio:  Ztilsctii.  f.  pkyiM,  Chtm.,  41,  j»j.  1904. 
I  ♦  Folin:  Jaur.  Bhl.  Ciem.,  17,  409,  1914. 
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for  about  one  hour.  At  the  end  of  this  time  the  heat  is  increased  and  the  solution 
is  boiled  down  to  rather  less  than  ao  c.c.  The  flask  is  transferred  to  the  solei 
and  enough  water  is  added  to  make  the  total  solution  equal  to  ao-35  grams.  IIk  ' 
solution  is  cooled  in  running  water,  1.5  c.c.  of  10  per  cent  sodium  hydroxide  ire 
added,  and  the  total  creatinine  is  determined  as  in  the  preformed  creatinine  dttei- 
mination  using  t  mg.  of  creatinine  as  a  standard.  The  method  has  been  found  to 
give  good  results  in  the  presence  of  glucose  and  other  sugars. 

Morris'  has  suggested  that  in  the  case  of  diabetic  urines  the  total  creatiitiiie 
be  determined  after  precipitation  of  the  creatine  and  creatinine  with  picric  add. 
The  method  is  not  recommended  as  a  regular  procedure. 

Uric  Acid 

I.  Microchemical  Coloiimetric  Method. — Benedict  and  Hitchcock 
Modification  of  Ike  Folin-M acaUum-Denis  Procedure. — The  principle 
of  the  method  depends  upon  the  fact,  first  noted  by  Folin  and  Macallum' 
and  further  investigated  by  Folin  and  Denis,'  that  uric  add  gives,  with 
phosphotungstic  add  and  alkali,  a  deep  blue  color  the  depth  of  which  is 
proportional  to  the  amount  of  uric  add  present.  Since  certain  other 
substances  present  in  urine  produce  a  similar  blue  color  with  the  phos- 
photungstic add,  it  is  necessary  to  separate  the  uric  add  from  them. 
This  is  accomplished  by  precipitation  as  the  silver  salt.  The  silver 
urate  is  subsequently  dissolved  and  treated  with  the  uric  add  reagent. 

Benedict  and  Hitchcock*  have  examined  the  method  of  Folin  and 
Denis  and  have  suggested  a  number  of  important  modifications. 

Procedure. — Measure  such  an  amount  of  uiine  as  will  contmin  from  0.7 
to  1.3  mg.  of  uric  add  (3  to  4  c.c.  is  usually  the  correct  aroouat)  into  a  centrifup 
tube,  dilute  with  water  to  about  5  c.c,  and  add  15  to  30  drops  of  an  amnuniacil 
silver  magnesium  solution.*  Mix  the  contents  of  the  tube  with  a  small  stininf 
rod  and  centrifuge  the  tube  for  one  or  two  minutes.  Potir  off  the  supemttiDt 
liquid,  as  c<anpletely  as  possible,  by  inverting  the  tube,  allowing  it  to  drain  1 
moment,  and  then  touching  the  iiuide  of  the  lip  of  the  tube  with  a  towel  or  piect 
of  filter  paper.  Add  to  &e  residue  in  the  tube  two  drops  of  a  5  per  cent  sohtioo 
of  potassium  cyanide  to  dissolve  the  silver  urate,  stir  the  mixture  thonni^ 
with  a  thin  rod,  for  half  a  minute,  add  a  few  drops  (0.5  to  i.o  c.c)  of  water,  and 
stir  again.'    Two  c.c.  of  the  uiic  add  reagent'  are  added  and  the  mixture  stined 

'  Morris:  Jovr.  Bioi.  Chem.,  ii,  201,  1915. 

'Folin  and  Macallum:  J.  Biol.  Chem.,  13,  363,  igii. 

'  Folin  and  Denis:  J.  Biol.  Chem.,  14,  95,  1913;  ibid.,  13,  469,  1913. 

'Benedict  and  Hitchcock:  /.  Bicl.  Chem.,  20,  619,  1915; Benedict: iitd.,  io,«fg,  iqij' 

'  This  solution  has  the  following  composition: 

3  per  cent  silver  lactate  solution 70  cc. 

^lagnesia  mixture 30  cc. 

Concentrated  ammonium  hydroxide  solution 100  c.c. 

'  At  this  point  perfectly  clear  solutions  are  obtained  with  pure  uric  acid  solutions  in  pbH* 
phate  mixture  dr  in  pyridin.  With  urines  some  magnesium  ammonium  phosphate  is  preci[i- 
tated  with  the  uric  acid,  which  does  not  dissolve  in  the  cyanide.  Alter  addh^  the  (•« 
subsequent  reagents,  however,  a  perfectly  clear  solution  is  obtained. 

'I^eparation  of  the  Dric  Acid  Reagent — Place  100  grams  of  codium  timgstatc,  80  cc 
of  8s  per  cent  phosphoric  acid,  and  750  c.c.  of  distilled  water  in  a  liter  flask.  BoiltJwmii- 
ture  v/itb  a  reSux  condenser  for  t\vo'hout&,coo\Mi&&\toA\»iVaia,Uiftrineif  necesmy. 
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afua,  after  which  add  lo  cc  of  lo  per  c«nt  sodium  carbonate  solution,'  transfer 
qnsntitatively  to  a  50  cc.  flask,  and  at  the  «nd  of  about  oae-balf  minute,  dilute 
to  mark.  Compare  this  solution  in  the  Doboscq  colariiDeter  (page.  486)  with  a 
simultaneously  prepared  solution  obtained  by  treatioc  S  ^C  of  the  standard  urk 
add  solutioo,'  contaiaed  in  a  50  c.c  Haxk,  with  2  drops  of  the  pnttniiiim  cyanide 
solution,  1  cc  of  the  uric  acid  reagent,  10  cc.  of  20  per  cent  sodium  CRl1>0liate  sohi- 
tion,  and  diluting  to  the  miuk  at  the  end  of  about  one-haU  minute.  The  stand- 
«rd  solution  is  best  set  at  a  height  of  15  mm.  in  the  colorimeter. 

Cakuladon.^The  reading  of  the  standard  divided  by  the  reading  of  the  uriD« 
^ves  the  number  of  milligrams  of  uric  acid  in  the  amount  of  sample  taken. 

Interpretation.— ¥ 01  adults  on  a  mLxeiJ  diet  the  avcragf  excretion  of 
uric  add  U  about  0.7  gram.  It  arises  from  the  purines  of  ingested  food 
(exogenous  uric  acid)  and  from  purines  derived  from  the  body  tissues 
by  disintegration  of  nuclcin  material  (endogenous  uric  add).  Exog- 
enous uric  acid  depending  entirely  upon  the  diet  is  greatly  increased 
by  the  ingestion  of  purinc-rich  foods  (meat,  liver,  sweetbreads,  etc.)  and 
reduced  to  a  very  low  level  on  purine-frcc  foods,  e.g.,  milk,  eggs,  etc. 
(see  Chapter  XXVU).  Endogenous  uric  acid  is  influenced  by  excrdsc 
and  by  the  diet  (protein  foods  particularly  giving  rise  to  increases). 
It  appears  to  be  partly  the  result  of  gastro-intcstinal  secretory  activity. 
On  a  purinc-frce  diet  the  average  excretion  is  o.i  0.5  gram.  On  a  high 
purine  diet  the  uric  acid  output  may  be  2  grams  per  day. 

In  gout  the  uric  acid  content  of  the  urine  is  low  preceding  an  attack 
and  increases  during  tht;  attack,  this  fall  and  rise  being  more  or  less 
characteristic.  The  excretion  rises  after  atophan  administration  ap- 
parently due  to  increased  kidney  activity.  In  leukemia  the  excretion 
is  extremely  high  due  to  nuclear  destruction.  The  uric  add  content 
of  the  urine  is  of  importance  in  relation  to  the  formation  of  uric  acid 
calculi.  The  administration  of  alkali  carbonates  and  dtratcs  by  dc- 
creawng  the  acidity  of  the  urine  increases  its  solvent  power  for  uric 
add,  and  decreases  the  liability  of  the  formation  of  this  type  of  calctilus. 

3.  Fotin-Shaffer  Method.^  7'rmfi>/c— The  uric  acid  is  precipitated 
as  ammonium  urate  by  the  addition  of  ammonia,  the  precipitate  tiltercd 
off,  washed  and  titrated  with  potassium  permanganate.    A  preliminary 

'  Sodhim  Carbooan  Solution. — DiMoK-e  loo  ymta*  of  inJiydroui  mkUuih  carbonitc  In 
wann  water  and  make  up  to  i  liter. 

'Standard  Uric  Acid  Salution. — The  folulion  of  uric  Brid  in  phoiplialc  Mlution  i»  very 
readily  pTepsrtil,  doe?  n'll  nr.i:<i  Id  be  tUndurdiMd,  snil  itp;.H'ar8 10  keep  Indelinilcl)'.  It  u 
prepared  in  ihc  foIloninR  nmtmrr.  UiMolve  9  Knms  of  pure  cr)->taUi*ed  ditodhuii  hydro- 
Ben  phonplmli-.  tottcihcr  'niili  1  Rram  of  cry^talU/cd  todium  djhydrocen  phoqibale.  in  100 
to  300  cc.  uf  h^t  wHtcr,  uii>l  tilt<^r  IF  the  solution  a  not  perfectly  dear.    Make  thit 


completely  diuolvM.     Cool,  add  ttottly  1.4  cc.  of  itlscliU  Kcclic  itciil,  dilulc  (o  the  mark, 
*rd  mix.     .\dd  about  s  cc.  of  chloroform  lo  prevent  the  K'"»'lh  of  baclcria  or  nwulds  ib  iho 
ftolulion.     Five  c-C  of  thix  talution  ronuint  exactly  1  rag.  of  utic  acid. 
*  Folio  and  ShaScr;  Ztil.  phyiiol.  Ulum.,  31,  jjt,  igoi. 
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treatment  with  an  ammonium  sulphate-uranium  acetate  solution  is  for 
the  purpose  of  removing  interfering  organic  substances.  The  method 
gives  accurate  results. 

Procedure.    Introduce  loo  c.c'  of  urine  into  an  Erlenmeyer  flask,  idd 
>5  c.c.  (rf  the  Folin-Shafler  reagent'  xnd  after  sbakins  Hie  Sask  to  thoroogUf 
mix  the  fluidK  allow  the  mixture  to  stand,'  with  or  wiiboat  further  stirring,  na^ 
the  precipitate  has  settled  ':5--io  minutes).    Filler,  transfer  loo  c.c.  of  the  flltrale 
to  a  300  c.C.  Brlenmeyer  flask,  add  5  ex.  of  concentiBted  anunonium  hydroxide 
and  allow  the  mixture  to  stand  for  34  hours.    Transfer  the  precipitated  aaaia- 
nium  urate  quantitatively  to  a  iSlter  paper,' using  lopercenlammoaiinncu^hite 
to  remove  the  final  traces  of  the  urate  from  the  flaslc    Wash  the  precipfU* 
approximately  free  from  chlorides  by  means  of  10  per  cent  ammonlam  nilpluU 
solution,*  remove  the  paper  from  the  funnel,  open  it,  and  by  means  of  hot  wal« 
rinse  the  precipitate  back  Ibrough  the  funnel  Into  the  flask  tn  which  the  onM 
was  ori^nally  precipitated.     The  volume  of  fluid  at  this  point  abould  be  thoO 
100  c.c.     Cool  the  solution  to  room  temperature,  add  15  cc.  of  concentnttd 
sulphuric  add  and  titrate  at  once  with  N .  30  potassium  permanganate,  KJIniOi, 
solution.    The  first  tinge  of  pink  color  which  extends  throu^wnit  the  fluid  afttr 
fliB  additioa  of  two  drops  o(  the  permanganate  solution,  while  stirring  wiib  1 
^ass  rod,  should  be  taken  as  the  end-reaction.    Take  the  burette  reading  mi 
Gompule  the  percentage  of  uric  acid  present  In  the  urine  under  examination. 

Cakulation. — Each  cubic  centimeter  of  H/'so  potassium  permaDgaoate  oohi- 
tion  Is  equivalent  to  3.75  mg.  (0.00375  gram)  of  uric  acid.  The  too  cc.  tma 
which  the  ammonium  urate  was  precipitated  is  equivalent  to  only  four-fifdu 
of  the  100  cc.  of  urine  origbuOy  taken;  therefore  we  must  take  five-fourthid 
the  burette  reading  in  order  to  ascertain  the  number  of  cubic  centimeters  ef  Ait 
permanganate  solution  required  to  titrate  too  cc  of  the  original  urine  to  the  cwred 
end  point.  If  y  represents  the  number  of  cubic  centimeters  of  the  permangUMie 
solution  required,  we  may  make  the  following  calculation : 

yXo.D037S  =  weight  of  uric  acid  in  100  c.c  of  urine. 


thoiilJ__i 


Because  of  the  solutHhty  of  the  ammonium  urate  a  correction  of  3  mg. 
be  added  to  the  final  remit 

Calculate  the  quantity  of  uric  acid  in  the  24-hour  urine  specimen. 

4.  Ueintz  Method. — This  h  a  vrry  »niplc  mcthixl  iind  was  the  ^1  one  in 
general  use  for  the  quaiilitalivc  dcierminaiion  of  uric  ncid.  It  is  less  accurate  ikia 
the  metlioib  just  described.  The  procedure  is  us  follows:  Pluc  100  c.c  of  tiitai 
urine  in  a  benker,  add  5  c.c  o(  concentrated  hydrochloric  add,  stir  the  fluid  tb*f 
oughly.  and  stand  it  away  in  a  cool  place  (or  n  hours.  FUter  off  the  uric  iH 
cryxtalx  upon  a  washed,  dried  and  wetthat  filter  piiper  and  wash  them  wllii  oV 
distilled  water,  a  few  cubic  ccniimelcrs  at  a  lime,  uQtU  the  chlorides  arc  rdnorrf. 

'  III*  preferable  (o  u«e  more  than  100  c.c.  of  urine  if  the  Qaid  has  a  specific  Bianiyka 
ihnn  i-oio. 

'The  Fnlin-Shaflti  resRent  consisU  at  500  sramf,  ef  amnuiniutD  sulphsie,  5  gnsaa 
uranium  aceiate  and  'lo  c.c.  of  10  per  cent  acetic  scid  in  6jo  c.c.  of  disllll«t  water. 

'The  mixture  should  not  be  allowed  toicandfor  too  long  a  tine  at  Um  point,  eJcannc 
add  may  be  lo»t  ihroush  prrcipitaiion. 

*  The  Schleicher  and  Sclillll  harJtnfd  paper!  or  the  Baker  and  AdamsoB  vmiM,  idb' 
vatleiy  are  very  Miiifactory  for  liis  puipoM. 

>  This  wo&hing  mny  be  ronvcriicntly  done  by  itcanlaSien  if  desired,  tbiH  tctaiBh|ni 
ma^or  poriion  of  ihe  precipitate  in  tlw  &adu 
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ia  turn,  with  alcohol  and  with  ether  and  finally  dry  the  paper  and 
taut  weight  at  i  lo'C.  In  the  process  of  washing  the  uric  acid  ftee 
n  error  is  introduced,  since  every  cubic  centimeter  of 
led  diBSolves  0,00004  gram  of  uric  add.'  For  this  rea- 
ction is  neceMar>-.  It  has  been  nuggestcil  that  the  pig- 
I  oyttals  is  equivalent  in  weight  to  the  amount  of  uric 
'ed  by  the  &ni  30  c.c.  of  water,  and  this  factor  should  be 
account  in  the  computation  ol  the  percentage  of  uric 


Ihn. — Sicce  100  c.c.  o(  urine  was  used  the  corrfcled 
X  uric  acid  crj'staU,  in  grama,  will  ciprcaa  the  pereenlage 

prcicnt. 

[gr-Schmidt  M«tbod. — KrUgcr  and  Schmidt  have  d«- 
tfaod  for  the  combined  delerniiiiatiun  of  uric  add  and 
irinc  bodies  of  urine.  This  procedure  is  described  under 
es,  below.  A  modification  of  this  method  by  Hunter 
I. 

mtaan's  Uricometer  Method.— Prina'^e. — When  iodine 
added  to  urine  an  amount  of  iodine  is  absorbed  roughly 
]  to  the  amount  of  thcuiic  add  present.  A  special  grad- 
is  required  and  carbon  ilisuliihide  is  used  to  indicate  th<: 

excess  iodinc- 

rt. — FiU  the  tube  (see  Fig.  165)  to  Ibc  lowest  mark  S 
a  dixulptude  (the  bottom  of  the  meniscus  should  rcM 
).  TbcD  add  iodine  solution  (1.5  grami  iodine,  1.5 
nium  iodide,  tj  grams  absolute  alcohol,  and  185  grams 
(er)  to  the  maik  J.  Add  urine  to  mark  3.45  (i.ti  c.c.}. 
gla»  stopper  and  shake.  The  carbon  disulphide  will 
ark  brown  color  of  iodine.  Add  more  urine  gradually 
ued  xhaking  until  only  a  violet-pink  color  remains  in  the 
after  shaking.  Tbcn  add  drop  by  drop  with  vigotou^ 
a  ibe  di&ulphide  becomes  oolorlesa.    Read  on  the  scale 

of  uric  acid  in  parts  per  thousand  of  urine. 
±e  uric  add  content  of  the  urine  is  low  this  method 
fiably  accurate  results  from  the  <Uniail  standpoint.* 
oi  0.3  gram  per  day  the  probable  error  will  not  exceed 
Dent.  Above  i  gram  no  limit  can  safely  be  placed  on 
of  error  in  pathological  cases  espcdally  where  albumin, 
I,  purine  basc«  and  certain  drugs  ate  likely  to  be  present. 

by  tJus  method  arc  ordinarily  high. 
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m  Purine  Bases 

■^  hie.  i6s.— 

Iger  and  Schmidt's  Method.— Principle.— TMs    Rt"ta«ANK-K 
arves  for  Uie  determination  of  both  tiric  add  «=«■, 

imise  bases.    The  principle  involved  is  the  precipitation  of 
uric  acid  and  the  purine  bases  in  combination  with  copper 

Paul:  ZeU.  physiol.  Chem.,  jt,  i,  ipoo. 

1  Bunta:  Jcur.  Am.  Med.  Aim.,  Jut.  4,  t^t  j. 
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oxide  and  the  subsequent  decomposition  of  tJus  precipitate  by  means 
of  sodium  sulphide.  The  uric  add  is  then  precipitated  by  means  of 
hydrochloric  acid  and  the  purine  bases  are  separated  from  the  filtrate 
in  the  form  of  their  copper  or  silver  compounds.  The  nitrogen  content 
of  the  precipitates  of  uric  acid  and  purine  bases  h  then  (letermine<l 
by  means  of  the  Kjeldahl  method  (see  page  483)  and  the  correspond- 
ing values  for  uric  acid  and  purine  bases  calculated- 
Procedure.— To  400  c.c.  of  albumin-free  urine'  in  a  liter  flask-,  add  14 
Krams  of  sodium  acetate,  40  c.c.  of  ■  solution  of  sodium  bisulphite'  and  hen 
the  mixture  to  boiling.  Add  40  80  c.c*  of  a  10  per  cent  solutioa  of  copper  sul- 
I^le  and  maintain  the  temperature  of  the  mixture  at  the  boiling-point  for  il 
least  three  minutes.  Rlter  off  the  flocculent  precipitate,  wash  it  with  hoi 
water  until  the  wash  water  is  colorless,  and  return  the  washed  precipitate  » 
the  flask  by  puncturing  the  tip  of  the  filter  paper  and  washing  the  precipilstt 
through  by  means  of  hoi  water.  Add  water  until  the  volume  to  the  flask  it 
approximately  100  c.c,  heat  the  mixture  to  bailing  and  decompoce  the  precipi- 
tate of  copper  oxide  by  the  addition  of  30  c.c.  of  sodium  sulphide  solutie&* 
After  decomposition  is  complete,  the  mixture  should  be  acidified  with  acetic 
acid  and  heated  lo  boiling  until  the  separating  stilphur  collects  in  a  nua. 
mier  the  hot  Quid  by  means  of  a  fllter-pump,  wash  with  hot  water,  add  n 
c.c.  of  10  per  cent  hydrochlimc  acid  and  evaporate  the  filtrate  in  a  porccklii 
dish  until  the  total  volume  has  been  reduced  to  about  10  c.c.  Permit  thii 
reddoe  to  stand  about  two  hours  to  allow  for  the  separation  of  the  uric  add, 
laaviac  the  purine  bases  in  solution.  Filler  ofl  the  predpitaie  of  uric  add, 
using  a  small  filter  paper,  and  wash  the  uric  add,  with  water  made  add  willi 
sulphuric  add,  until  the  total  volume  of  the  original  filtrate  and  the  wash  wstv 
agfregatea  75  c.c.  Determine  the  nitrogen  content  of  the  predpitate  by  meud 
of  the  Kjeldahl  method  (see  page  483%  and  calculate  the  uric  add  equivalaoL' 
Render  the  filtrate  from  the  unc  add  crystals  alkaline  with  sodium  hydroiidi^ 
add  acetic  add  until  faintly  add  and  heat  to  70'C.  How  add  i  c.c.  of  a  10  pet 
c«nt  Bohitlon  of  acetic  acid  and  10  c.c.  of  a  suspension  of  manganese  dionit' 
to  oxidixc  the  traces  of  uric  add  which  remain  in  the  solution.  Agitate  the  nii- 
ture  for  one  minute,  add  10  c.c.  of  the  sodium  blsulphilB  solution*  and  5  cc 
of  a  10  per  cent  solution  of  copper  sulphate  and  heat  the  mixture  to  boiling  (cr 

'  If  albumin  Is  present,  the  urine  should  be  licaled  to  boiling,  acidified  with  acetic  icii 
and  Bltercd. 

'  The  total  volume  of  urine  (or  tbc  34  hours  ihould  be  aufficienily  diluted  with  water  )■ 
niakc  the  total  vdurne  of  ilic  lolutioD  idoo-iooo  c.c. 

*  A  solution  containing  jo  gruna  of  Kshlbaum's  conunenrlal  wdiun  bbvlphitc  b  m 
cc  of  water. 

*  The  exact  amauot  dependint;  upon  the  content  of  the  purine  boMs. 

'Thii  is  nude  by  tstuiatlni:  u  i  per  leiit  tolutton  i>(  ^o<iluln  liydroxtde  wllh  ll]rd)<p> 
Milphide  gas  tmd  adding  an  equal  volume  ol  i  per  cent  todium  Itydroxlde. 

Ordinarily  the  oildilion  01  30  cc.  of  thii  tolulion  is  lulTicient,  but  tbc  pmcDCedn 
excesaof  lulpbldcdiouldbc/rtiirn  by  addinKadronoflradticttslc  tosdropof  llwMlati* 
Under  these  conditions  a  dark  brown  color  will  ^ow  the  preMDC*  of  an  cxcea*  of  toAm 
sulphide. 

*Tbi«  may  be  done  by  mulliplving  the  nitrogen  value  by  three  and  rndSw^lHt 
to  the  product  as  a  i-orretrUon  foe  trie  uric  acid  remalnl&a  in  uJution  In  tbe  js  ex. 

'  Made  by  bcaiinf:  a  0,5  percent  toiutionof  poiaaaium  permanganate  witn  a  fittkok*' 
boi  until  it  is  dcc<ili>ri/.f<i.  , 

*  To  dutdve  the  cxceu  ul  man^iLncst  AWu&t. 


atre«  minutN.  Filter  06  the  predpltate,  wash  it  with  hot  water,  and  determine 
its  nitrogen  content  by  means  of  the  Kjeldahl  method  (see  pnge  483).  In«»- 
mnch  as  the  compositioD  and  proportion  of  the  purine  ba&es  present  in  urine  is 
Tuiable,  no  (actor  can  be  applied.  The  result  as  regards  these  bases  must 
therefore  be  expresssd  in  terms  of  nitrogen. 

Benedict  and  Salld'  report  cases  in  whicli  the  total  purine  nitrogen  by  this 
method  was  less  than  the  uric-acid  nitrogen  as  determined  by  the  FoIin-SbaSer 
method.  The  inaccuracy  was  found  to  lie  in  the  KrUger  and  Sclunidt  method. 
To  obviate  this  they  advise  the  addition  of  ao  c-c.  of  glacial  acetic  acid  for  each 
300  «.c.  (rf  tuine  employed,  the  acid  being  added  before  the  first  precipitatloa. 

Interprelation. — The  amount  of  purine  bases  excreted  by  a  normal 
man  is  small  and  variable.  Values  from  16-60  mg.  have  been  found. 
The  purine  base  nitrogen  is  of  course  only  a  fraction  of  this.  The 
amount  excreted  is  inJiuenced  by  the  diet  somewhat  in  the  same  way 
as  is  the  excretion  of  uric  acid  being  also  increased  in  disorders  asso- 
ciate<l  with  increased  uric  add  excretion  such  as  leukemia.  The  purine 
bases  form  a  higher  jiercentage  of  the  total  purine  excretion  in  the  case 
of  the  monkey,  sheep,  and  goat  than  in  the  case  of  man. 

2.  Hunter  and  Givens'  ModificationofKriiger-Schmidt  Method.' — 
Principle..— 'Vht  KrUger-Schmidt  process  is  combined  with  the  micro- 
chemical  colorimctric  method  for  uric  acid  (sec  page  510). 

Procfrdore. — The  first  copper-purine  precipitate  as  obtained  in  the  Krilger- 
Schmidt  procedure  is  suspended  in  about  300  c.c.  of  water,  to  which  then  Is 
added  about  i  c.c.  of  concentrated  hydrochloric  add.  The  mixture  is  Tlfonxtsly 
boiled,  whereupon  the  whole  or  greater  part  of  the  precipitate  goes  into  solution. 
Kemoval  of  the  copper  Is  effected  by  treatment  with  hydrogen  sulphide  in  the  heal, 
and  excess  of  the  sulphide  is  completely  expelled  by  renewed  boiling.  Filtration 
under  suction,  and  thorough  washing  of  flask  and  filter  result  in  a  filtrate  which 
is  perfectly  clear  and  nearly  colorless.  This  is  concentrated  if  necessary,  and 
made  up  to  a  convenient  volume  which  must  of  course  be  suffidently  large  to 
retain,  when  cool,  the  uric  add  in  solution.  Of  this  an  aliquot  part  is  utilized 
directly  for  the  colorimetric  determination  of  uric  add.  In  the  remamder  th« 
residual  uric  acid  ts  destroyed  and  bases  deiermined  according  to  the  regular 
B^riiger-Schmidt  procedure.  This  modification  is  recommended  particularly 
where  the  amount  of  uric  add  present  is  minute. 

j.  WeUter's  Modification  of  the  Methods  of  Amstein  and  of  Salkowsld.* — 
Principle.— 1\iQ,  phosphates  arc  removed  by  ircalmcnt  with  magnesia  mixture. 
l*be  [lurinc  bases  iiiiii  uric  .acid  arc  then  ibruwii  down  as  their  silver  salts  and  the 
nitrogen  content  of  this  prrcipilalc  determined. 

Procedure. — Four  hundred  c.c,  of  urine,  free  from  protein,  are  treated  with 
100  c.c.  of  magnesia  mixture  and  600  c.c.  ol  water.  This  is  then  filtered  and  of  the 
dear  filtrate  a  measured  quantity  (600-800  c.c.  )i3  treated  with  an  excess  (10  ex.) 
of  a  3  pec  cent  silver  nitrate  solution.  Concentrated  ammonium  hydroxide  is 
added  in  small  quantities,  with  stirring,  until  all  the  chlorides  have  dissolved. 

'  Benedict  and  Soiki:  Jour.  Biol.  Chrm.,  7,  ij,  1909. 
'Huntctand  Given*:  Jour.Binl.Chcm.,  i;,  j7,  1014. 
'  Diltman  and  Weflcer,-  Ntte  York  Mt4.  Jour.,  May-June,  Vfy^ 
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Allow  ibe  fioocuknt  precipitate  of  the  eiivcr  purine  compoiuids  to  aetile  to  tk 
bottom,  then  jiaKS  the  KuperDatant  li<tui<l  through  the  titter  before  disturbing  tfac 
precipitate.  Finally  transier  the  precipitate  quantitatively  to  the  paper  wUcb 
must  be  of  IcnowD  aitrugeo  coutcnt.  The  precipitate  It  washeil  with  dilute  <t  per 
cent)  ammonium  hydroxide.  The  paper  witii  the  precipitate  is  tltcn  trsn&Fcned 
to  a  Kjeldaht  tia&k  and  about  too  c.c.  of  water  and  a  small  quantity  (about  ai 
gram)  of  magnesium  oxide  are  added.  The  water  is  then  boiled  until  sU  the  am- 
inonla  haa  been  driven  off.     Test  ihc  ^team  with  litmus  paper. 

The  material  in  llie  fla^k  is  then  dlgtsited  by  meanx  of  tlie  uxual  Kjddalil  mcOiod 
(eee  page  483)-  The  digestion  must  be  watched  carefully  at  the  time  the  stilplinric 
add  reaches  suflicient  concentration  to  aHect  the  filter  paper,  inasmuch  anthe  S0| 
produced  causes  considerable  frothing.  The  Mt^  nitrogeo  (purine  base,  uric  add 
and  ftlter-paper  niirogeo)  h  now  delermincd  in  the  usual  way  (see  KJddahl  Method, 
page  483).  Thi.^  result  m/niu  the  uric  acid  and  filter-paper  nitrofcn  will  give  tk 
figure  for  the  puriac-ba^  nitrogen. 

4.  SaUcowski's  Method.— JVt'fiet^Ie. — The  purin  baM»  and  urie  add  arc  pct- 
dpitated  as  silver -magnesium  salts,  these  compounds  decomposed  with  hydrogen 
sulphide,  and  the  uric  add  prcdpitatcd  by  means  of  sulphuric  add.  Tlie  punis 
bases  in  the  filtrate  arc  .igain  precipitated  ns  (hdr  silver  salts  and  the  silver  coolent 
of  the  predpitalc  delerminccl  after  ignition  by  titration  with  thlocyanate. 

/•wca/iirr.— I'lace  400-600  c.c  of  protein-tree  urine  in  a  beaker.  iDtiodim 
into  another  beaker  jo-jo  C.c.  of  an  anunoniacal  silver  nitrate  solution'  wlh  30-30 
ex.  of  magneida  mixture,*  add  some  ammonium  hydroxide  and  if  necessary  setae 
ammonium  chloride  to  clear  the  solution.  Now  add  this  solution  to  the  urioc, 
stirring  continually  with  a  glaxt  rod,  and  allow  the  mixture  to  stand  for  ooc-hilt 
hour.  Collect  the  precipitate  on  a  filter  paper,  wash  it  with  dilute  ammoiiilUB 
hydroxide,  anil  finally  wa-^b  it  back  into  the  original  beaker.  Suspend  the  prec^- 
tatc  in  600-800  c.c.  of  water,  add  a  few  drops  of  hydrochloric  acid  and  decompnte 
it  by  means  of  hydrogen  sulphide.  Now  beat  the  iolution  to  twiling,  filter  while 
hot  and  evaporale  the  filtrate  to  dr)-ncss  on  a  water-bath.  Extract  the  tcsidw 
with  lo-jo  c.c.  of  hot  3  per  cent  sulphuric  add  and  allow  the  extract  to  st^d  u 
liours.  Filter  off  the  uric  add,  wash  it,  make  the  filtrate  ammocitaciil  and  predpitslt 
the  purine  bases  again  with  silver  nitrate.  CoUca  this  precipitate  on  a  small-sijtd 
dilorine-free  filter  paper,  wash,  dry,  and  indnerate  it  in  the  usuiU  manner.  Nof 
dissolve  the  ash  in  nitric  acid  and  titrate  with  ammonium  thiocyanate  accordissu 
the  Volbard-Arnold  method  (sec  page  556}.  Calculate  the  content  of  porine  bim 
in  the  urine  emmiRcd,  bearing  in  mind  that  in  an  equal  mixture  of  the  silver  lain 
of  the  purine  bases,  such  as  we  have  here,  one  part  of  silver  corresponds  to  0.:n 
gram  of  nitrogen  or  to  0.7361  gram  of  the  bases. 

For  MUrpTtialion  sec  page  515. 

Purine  Nitrt^en 

Hall's  Pnrinometer.' — By  mean*  of  the  instniment  shown  in  Pig.  16G,  wst 
may  be  examined  for  total  purine  nitrogen,  i.<.,  nitrogen  in  the  form  of  purine  biX'' 

'  Prepared  by  disMlvin^  z6  grams  of  silvei  niiiatc  in  about  soo  ex.  of  water,  aJte 
enough  ammoiuum  hydroxide  to  rcdissolve  the  prccipitnle  which  tMVis  upon  the  int  t^ 
tion  of  the  ammOQia  and  inakbic  the  balsacc  of  the  mixture  up  to  i  liter  wl^  waltf. 

'D/reclion*  (or  prepatation  rony  be  foond  on  p.  601. 

'HaU:  Tkt  Purine  BodUi,  Pluladdv>^  tV>4- 
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urates  aiul  uric  adi).    The  meihdil  does  not  give  an  absolutely  accurate  measure 

of  the  purine  values.    It  is,  bow<Ti-cr,  of  considerable  service  clinically.    The 

principle  of  ihe  method  is  the  prclimiuaTy  piedpiliition  of 

the  phosphates  present  followed  l>y  the  precipitation  of  the  A 

purine  bodies  in  the  torra  of  their  silver  compounds  by  mciuis  \  } 

of  an  ammoiriacal  silver  nitmtc  »olution.    The  volume  of  this 

silver  precipitate  is  then  determined  and  its  nitrogen  value 

interpoUted  by  means  of  a  table  of  equivalent  values. 

Procedure. — Collect  the  3 4 -hour  urine  and  mix  U 
thoroughly.  Take  loo  c.c  of  the  urine  snd  if  albumin  i» 
pment  make  slightly  ncid  with  acetic  acid  and  boil  and  filter. 
Clos«  the  stopcock  of  the  instrument  and  introduce  (w  c.c. 
of  urine  and  lo  c.c.  of  a  modified  mugneMa  mixliirc'  Turn 
the  stopcock  and  permit  the  precipitated  phosphates  to  pass 
into  the  lower  chamber  of  the  instrument.  After  an  interval 
of  ten  minutes  has  elapsed  the  stopcock  should  be  dosed 
and  sufEdent  auunomacal  silver  nitrate  solution*  added  to 
make  the  total  volume  in  the  upper  chamber  100  c.c.  The 
predpilate  of  the  silver  compounds  of  the  purine  bodies 
should  be  pale  yellow.  Any  .\i!ver  chloride  present  may  be 
brought  into  solution  in  the  strong  ammoniacal  solution  by 
the  repeated  inversion  of  the  purtnometer.  In  case  the 
chloride  does  not  dissolve  it  should  be  brought  into  solution 
by  the  addition  of  further  ammonium  hydroiide.  Place  the 
purinomctcr  in  a  dark  room  for  14  hours  and  at  the  end  of 
this  time  read  the  volume  of  llic  purine  precipitate.  Inter- 
polate the  value  in  terms  of  purine  nitrogen  by  means  of  the  following  tabic: 


Fifl.      166, — Hall's 

POBtNOmiKB. 


Prtclpllate,  Purbc  DilrogCQ, 

CjC  per  cent 

(grams  tn  100  c.c.) 
4><< □  oo}8 

S i-^" 0-0097 

A i 0.0117 

7.... > i ....    «.0I36 


8. 
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9- ,T..." 0-0I7S 

lo ,. , , 0.018s 

It 4 0.0195 

■  1 , O.OMj 

■3 , , o.oaift 

i«. • ....^ ..1....  0.0115 

-. ...v 0.0134 

, ,.,...........<...................  0-OI49 

jj e.oiOo 

18. ; 0.0365 

IB ■ o.oa70 


;i 


'  TUs  I*  prepued  as  follows;  Di»ob*e  10  crams  of  maKDtflum  chloride  In  about  rsc.e. 
of  water  and  add  logiami  oj  Bmmoniuin  ciiloridF.  Introduce  roocx.of  cuaccutiated 
atamouam  hydroxide  uto  this  mixture.  H  a  piccipiiaie  ioiim  add  anunantum  hydroxide 
until  a  clear  solution  is  obtained.  Make  the  volume  100  c.c.  by  means  of  water  and  add  lo 
graina  of  purified  talcum- 

■Thi*  totuibn  has  the  foiloiring  (otmula; 

Silver  a  lltate 1  gram. 

Ammonium  hydroxide  (*p.  gr.  0.90) . .  100  ex. 

Talcum 5  granu. 

Distilled  water  ,,.  \qci^.^. 
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Precipitate,  Purine  nitrogen, 

c.c,  per  cent 

(gnms  in  loo  c.c.) 

30.  . 0.03JS 

31 0.0183 

II 0,0280 

ij 0.0199 

34 0.03r» 

3S 0.03JS 

CaUulalioH. — Multiply  the  purine  nitrogen  percentage  by  the  total  volume  of 
urine  and  divide  by  100  to  obtain  the  total  purine  nitrogen  value.  For  example, 
if  the  precipitate  was  found  to  be  1 3  c.c.  and  the  total  volume  of  the  34-houc  urine 
was  1300  c.c.  the  calculation  would  be  as  follows: 

13  c.c.  =  0.0105  P^'  '^^^  purine  nitrogen. 
0.0305  X  13.0  =  0.3665  gram  purine  nitrogen. 

Interpretation. — The  endogenous  purine  nitrogen  excretion  (on  purine-frct 
diet]  averages  about  0.15  gram  per  day,  though  variations  are  con^derable.  As 
uric  acid  makes  up  about  nine-tenths  of  this  the  amount  varies  much  as  uricadd 
varies.  The  exogenous  purine  nitrogen  excretion  may  be  largely  influenced  by  tlie 
methyl  purines  of  tea,  coffee,  and  cocoa  which  are  excreted  unchaoged,  as  wdl 
as  by  the  purine  bases  which  are  normally  oxidized  to  uric  add  (see  Uric  Add, 
page  sii). 

Allantoin 

I.  Method  of  ^nechowski-HaiidoTskj.'—^rtnct^e.— The  urine  is  prec^tated 
with  phosphotungstic  acid  and  lead  acetate  and  in  the  presence  of  chlorides  with 
silver  acetate.  The  heavy  metals  are  removed  with  hydrogen  sulphide.  The  alUn- 
toin  is  then  precipitated  as  a  mercuric  compound  and  the  amount  of  mercury  ud 
hence  of  allantoin  in  the  precipitate  determined  by  titration  with  ammoniunt 
thiocyanate.  This  method,  though  rather  tedious,  is  probably  the  most  accnnte 
method  for  the  determination  of  allantoin. 

Procedure. — The  urine  is  diluted  to  about  r  per  cent  urea.  As  rabbit  urine 
contains  in  the  day's  output  about  3-4  grams  of  urea,  and  that  of  other  herbivon 
usually  forms  about  a  4  per  cent  urea  solution,  it  is  usually  desirable  to  dilute  3-4 
times.  A  greater  diludon  is  not  desirable.  The  urine  is  treated  with  r  per  cent  <ri 
sulphuric  add  and  about  3  c.c.  of  acetic  acid  for  each  day's  volume.  Test  a  smiO 
quantity  of  the  urine  to  determine  the  amount  of  50  per  cent  phosphotungstic  idd 
required  to  completely  precipitate  it.  The  bulk  of  the  urine  is  then  treated  on  thti 
basis  with  sufficient  solid  phosphotungstic  add  to  precipitate  it  completely.  Stir 
to  dissolve  the  acid  and  allow  to  stand  for  several  hours.  Filter  with  suction,  fiiU 
lining  the  filter  with  infusorial  earth  by  rubbing  up  a  Uttleof  the  substance  withsotne 
of  the  urine  mixture  and  filtering  with  suction.  To  some  ordinary  lead  oxide  b  a 
mortar  add  a  small  amount  of  the  filtrate  and  stir  until  it  becomes  warm,  then  idd 
the  rest  of  the  filtrate  and  stir,  adding  more  oxide  if  necessary  until  the  solution 
reacts  alkaline  due  to  the  formation  of  basic  lead  acetate. 

Filter  again.  The  filtrate  should  give  no  precipitate  with  basic  lead  acetate. 
.\  measured  volume  of  the  filtrate  is  then  treated  with  measured  volumes  of  acetic 
acid  and  silver  nitrate  solution  to  completely  precipitate  any  chlorides  present. 
Filler  again  preferably  through  infusorial  earth.     Pass  hydrogen  sulphide  througb 

'  Handovsky;   Zfil.  phys'wl.  Ckem.,  QO,  211,  1914. 

Iljechowski:  Neubauer-lluiipeif.  Analyse  d-is  Harns,  Wieabaden,  1913,  p.  ro76. 
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th«  filtiale  until  tli«  h»vy  metals  arc  completely  prccipiutcd.  Filter  again.  P4M 
&  current  a(  air  through  ihe  filtrate  to  remove  all  hydrogen  sulphide  (test  with  lead 
ncclate  paper).  Neutralize  this  final  filtrate  with  calcium  carbonate  and  remove 
ihe  carbon  dioxide  with  a  current  of  air. 

The  neutinl  filtrate  is  then  ticated  with  an  amount  of  ailantoin  rcotient  in  excen 
of  that  required  to  precipitate  ihc  allantoin  as  indicated  by  a  preliminary  lest. 
(The  allantoin  reagent  is  a  xolutian  containinn  5  per  cent  mercuric  acetate  and  10 
per  cent  of  »Klium  acetate.    The  reagent  when  used  must  be  dear.) 

Allow  to  »tand  for  half  an  liour  (not  too  lonn)  and  tlien  lilier.  A  measured 
amount  of  the  filtrate  is  taken  and  treated  wit  h  about  10c. c.  of  iron-ammonium  alum 
and  the  red  solution  dccolorlied  with  dilute  sulphuric  add.  (The  solution  is  not 
com[>lL-[ely  decoloH^d  but  retains  a  faint  greenish  tint.)  Any  cnlcium  sulphate 
precipitate  formed  at  this  point  may  be  disregarded.  Titrate  with  N/'ioammonium 
thiucyuniilc  solution  lo  a  yellow  color,  which  increases  in  intensity  on  the  addition 
of  1-3  drops  more  of  solution.  The  (icr&tlon  should  not  be  carried  out  in  artifi- 
cial tight  and  some  practice  is  required  to  gel  the  exact  end  [mint.  The  thiocya* 
natc  solution  should  be  standardized  occasionally  agirinst  standard  silver  nitrate 
solution. 

Caiudaiien. — One  c.c.  of  N/10  NHtSCN  solution  corresponds  to  0.00436  gram 
of  allanttMn.  The  limit  of  error  of  the  method  is  about  5  nig.  for  the  daily  output 
of  aliantotn.  In  the  calculation  of  course  all  losses  through  tiltralion,  etc..  must 
be  considered. 

Foi  the  considerable  nioilificatious  reiiuirud  in  carrying  out  the  determination 
on  hunum  urine  with  its  very  low  content  of  allantoin  sec  the  section  by  WJccbowski 
in  Neubauer-Huppert.' 

SnlefPrttation.^.\\\iMAo\n  may  be  found  in  vcr>'  small  amounts  in  human  urine 
(s-ismg.  per  day),  appearing  to  be  mainly,  tliough  not  entirely,  exogenous  in  origin, 
ll  forms,  however,  thr  princi[>id  end-product  of  the  purine  metabolism  ol  priictically 
all  mammals  other  than  man  and  the  anthropoid  .'kpcs,  Thus  over  go  per  cent  of 
the  purine- allantoin  nitrogen  excretion  of  the  dog,  the  cow,  and  the  pig  occurs  in 
this  form.  In  these  animals  its  origin  is  from  exogenous  and  endogenous  purines, 
and  its  excretion  i.^  influenced  by  much  tlie  same  factors  as  is  that  of  uric  actd  in 
man. 

a.  Determination  by  Difference.  Method  of  PUmmer  and  Skelton.'— Allan- 
toin is  Transformed  into  urea  and  determined  as  such  in  the  acid -magnesium  chloride 
method  of  Folin  for  urea  in  mine  (page  495)-  Urease,  however,  has  no  effect  upon 
allantoin.  Therefore,  determine  the  urea  -i-  allantoin  of  the  urine  according  to  Fct- 
lin'ft  procedure  (see  Urea),  and  also  determine  the  true  urea  according  to  the 
urease  method  (see  Urea).  The  difference  between  the  results  thus  obtained  rep- 
rcscDts  nJlantmn.  If  sugar  is  present  it  roust  be  removed  before  applying  Folin's 
procedure. 

Hipptiric  Acid 

I.  Method  of  Folin  and  Flanders.* — Principle. — The  hippuric  add 
is  hydrolyzcd  to  benzoic  add  in  alkaline  solution  and  then  iJie  solution 
is  boiled  with  strong  nitric  acid  to  remove  pigments  and  emulsifying 

■  Wiccbnwski:  Ncul>nucr-Huppert:  Anal}-*e  des  Hamt,  Wiesbaden,  t^ij,  p.  1076. 
■Plimmer  and  Skrlioii:  Rtaek.  J.,  %,  70  and  (141,  11)14. 
'  Folin  and  f-lanilerc  Jour.BM.Chtm.,  11, 137,  tqii. 
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substances.     The  benzoic  acid  is  extracted  with  chloroform  and  ti- 
trated with  sodium  cthylatc. 

Procedure. — Measure  loo  c.c.  of  urine  into  a  porcelain  evaporating  dish  by 
means  of  «  pipette.  Add  lo  c.c.  of  5  per  cent  HaOH  and  evapoiiate  to  dryness 
on  the  Gleam-bath.  Transferthe  residue  to  a  500  ccKjeldah]  flask  bymeansof 
as  c.c.  of  water  and  35  c.c.  of  concentrated  HNOi.  Add  o.i  cram  of  copper 
nitrate,  a  couple  of  pebbles  or  glsss  pesrls  and  boil  very  gently  for  four  and  on*- 
half  hours  orer  a  micro-burner.  Fit  the  necJu  of  the  fla&ks  with  condensers  el 
the  Hopkins  type  made  from  Ui^e  test-tubes  fitted  with  two-hole  rubber  Etoppen, 
the  inlet  tubes  extending  near  the  bottom  of  the  test-tubes  while  the  outlet  tube 
is  shorter.  These  condenseis  should  fit  rather  loosely.  A  good  current  of  wattr 
HamiDg  through  the  condensers  prevents  loss  of  benzoic  add  or  change  in  ccs- 
e«atnitloB  of  the  nitric  add. 

After  cooHne,  rinse  the  condensers  down  with  35  c.c.  of  water  and  transfer  dx 
contents  of  the  Sask  to  a  500  c.c.  separatory  ftmnel,  with  the  aid  of  35  c.craon 
of  water.  Tlie  total  volume  of  the  solution  is  now  100  c.c.  Add  to  the  sohitini 
snfflclMtt  ammonium  sulphate  to  just  saturate  it  (about  55  grams).  Mate  Itar 
eztiacttOittS  with  freely  washed  chloroform,  using  50,  35,  15,  and  35  C.C  portion. 
The  first  two  portions  may  be  used  to  further  rinse  out  the  Kjeldahl  &ask. 

Collect  the  successive  portions  of  chloroform  in  another  separatoiy  fnmuL 
Add  to  Qit  combined  extracts  100  c.c.  of  a  saturated  solution  of  pure  sodium  cU^ 
ride,  to  each  liter  of  which  has  been  added  0.5  c.c.  of  concentrated  HCL  Shiks 
well,  draw  the  chloroform  into  ■  dry  500  c.c.  Erienmeyer  flask  and  titrate  with  R/tO 
sodium  alcoholate/  using  4  or  5  drops  of  phenolphthalein  as  an  Indicator.  Tto 
fint  distinct  end  point  should  be  taken,  although  it  may  fade  on  standing  a  tbM 
Ume. 

Calculation.—  Multiply  the  number  of  cubic  centimeters  of  alcohoUte  uiedtf 
the  (actor  for  hippuric  acid  as  determined  by  standardization  to  obtain  ftt 
amount  of  hippuric  add  in  the  too  c.c.  of  urine  used.  One  c.c.  of  exactly  If /n 
sodium  alcoholate  is  equivalent  to  0.0179  gram  of  hippuric  add.  Calculate  At 
daily  ou^ut  of  hippuric  add  from  the  34-hotir  volnme. 

Inkrpr elation. — The  average  excretion  of  hippuric  add  by  a  nonnal 
adult  man  is  about  0.7  gram  per  day.  The  amount  is  increased  by 
the  ingestion  of  benzoic  acid  or  fruits  containing  it  (plums,  pnuus, 
cranberries).  It  arises  in  part  apparently  from  putrefaction  prododi 
formed  in  the  intestine.  In  bcrbivora  it  is  often  the  most  abundant 
nitrogenous  constituent  of  the  urine. 

1.  Dakin's  Methods.' — Prelimiitary  Procednre. — Place  150  C.c.  (or  more)  d  tbe 
urine  under  exuminutiun  in  ii  porcelain  evaporating  dish  and  evaporate  a/MMf  te 
dTyn<«  upon  a  water-bath.    Add  nbout  t  gram  of  sodium  dihydrofcn  pbo${Aatii 

'  The  lodhim  akobolste  b  made  by  diMolvin^ijBianis  of  cleaned  metallic  MX&iniiBi 
liter  of  Bbsolute  alcohol.  It  i>  advisable  that  u  be  dightiv  weaker  rather  thui  avafi 
ihan  tcmh.Doraial.  It  may  be  Btandardlied  asalnat  pure  oeesotc  acid  to  washed  cUm- 
form.  It  may  also  be  iiandardised  agsiiut  N/io  HCl  provided  the  a]ci>liolate  MAmM 
coniaiiu  not  more  than  ttucs  of  carboiiatc. 

•Private  comaiunioition  10  the  a«ftw«\»ttT>T.W.Titl»!tAa. 
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about  35  grams  of  K>'p*'^i°  (CaSOi,  lUfi)  and  rub  up  with  a  ptsiW  and  stir  wiih  m 
spatuU  until  a  uniiorm  mixlure  results.  Dry  the  powder  ihuit  produced  in  a  water- 
oven  for  about  two  houn,  at  the  end  of  which  period  it  should  be  rubbed  up  a 
second  time,  to  remove  lumps,  and  tranafcrrcd  lo  a  Schleicher  and  SchtUI  "extrac- 
tion .ibell"  and  extracled  in  a  Soxhiet  apparatus  in  the  usual  way  (sec  page  316]. 
The  extraction  medium  is  ethyl  acetate  and  the  flask  conlainini;  the  acetate  should 
be  strongly  heated  over  a  sand-bath^  for  about  two  houn.  The  ethyl  acetate 
extract  is  now  tnuuferrcd  to  n  separator/  funnel,  and  the  original  fiask.  rinsed  with 
sufficient  freah  ethyl  acetate  lu  make  the  total  volume  in  the  sepurntor}-  funnel' 
about  100  c.c.  WiLsh  the  ethyl  acetate  solution  j!(v  times  with  a  saturated  solution 
of  sodium  chloride,  uung  8  C.c.  of  the  sodium  chloride  solution  at  each  extraction, 
sbalciug  vigorously  and  removing  the  sodium  chloride  extract  in  each  case  before 
adding  fresh  sodium  chloride  solution.  The  sodium  chloride  removes  the  urea  com- 
pletely and  the  bippuric  acid  is  then  determined  iu  the  urea-free  solution  by  the 
following  volumetric  or  gravimetric  procedure: 

I.  Volumetric  Determination. — Transfer  the  urea-free  ethyl  acetate  solution, 
prepared  as  described  above,  to  a  Rjeldahl  flask,  add  about  15  c.c.  of  water,  a  small 
piece  of  pumice  stone  to  prevent  bumping,  atuch  a  condenser  and  distil  o£E  the 
acetate'  over  a  free  flame.  .\(ter  praciicatly  all  of  the  ethyl  acetate  has  been  dis- 
tilled oS,  the  nitrogen  in  the  remaining  solution  should  be  determined  by  means  of 
tbe  Kjcldahl  method  (sec  page  483). 

The  main  source  of  error  in  this  method  is  the  fact  that  any  nitrogen  present 
in  the  form  of  phtnacefuric  acid  or  indole  acetic  acid  h  determined  m  hippuric  add 
ttitrogen.    The  error  from  this  source  is,  however,  u.iitally  trifling. 

Calculaliott. — Calculate  as  usual  for  nitrogen  determinations,  remembering 
that  t  c.e.  of  N/io  sulphuric  acid  is  equivalent  to  0.0179  ^'i"*  hippuric  acid. 

JnlerpretatioH. — See  page  510. 

1.  Gfsmmttric  Deierminaiion. — The  urea-free  ethyl  aoetate  solution  contained 
in  the  separatory  funnel,  aficr  wafibing  with  sodium  chloride  solution,  as  described 
under  PfcUminary  Procedure,  page  S^o,  is  washed  with  5  c.c.  of  (li.itillcd  waler  to 
remove  the  major  portion  of  the  soHium  chloride.  Transfer  the  solution  from  the 
separatory  funnel  to  a  round-bottomed  flask  and  subject  It  to  a  steam  distillation 
In  the  usual  way.  ,\  slow  current  of  «[eam  shoul<l  be  uscci  while  the  ethyl  acetate 
is  being  distilled  off  and  later  a  more  rapid  current  may  be  employed.  The  dis- 
tillation should  be  continued  for  30  minutes.  Now  add  about  0.1  gram  of  chnrcoal 
to  the  afjucous  solution  which  is  heated  to  boiling  and  filtered  hot.  Evaporate  the 
solution  in  a  weighed  Jena  glass  dish  on  a  watet-bath  until  the  volume  of  the  solu- 
tion is  reduced  to  ubout  3  c.c.  St.ind  the  dish  in  a  warm  place  until  evaporation 
is  complete  and  a  crystalline  residue  remains.  Wash  the  residue.  In  turn,  with  1  c.c. 
of  dry  ether  and  1  c.c.  »f  wAiur,  dry  it  in  an  air-bath  at  ioo°C.  and  weigh.  If  it  is 
so  desired  the  residue  may  be  rccrystalliied  from  a  little  hot  water  and  tbe  mctt- 
ing-polni  determined.  Pure  hippuric  acid  melts  at  iS7''C.  Contamination  with 
phenaceturic  acid  may  be  delected  both  by  the  melting-poiot  and  the  microscopical 
characteristics. 


■  A  water>bath  cannot  be  substituted  inasmuch  as  tbe  ruultant  extraction  would  be 
too  rioir. 

*  Tills  ethyl  acetate  solution  contains  hippuric  acid,  urea,  and  other  substance*. 

'The  ethyl  acetate  after  separatian  from  t  lie  waterylayer  of  the  distillate  may  be  dried 
over  CBldum  chloride  and  used  again. 
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Glucose 

I.  Benedict's  Method.* — /'nwft^/*.— Benedict's  reagent  for  the 
mation  of  rctiucing  sugars  contains  potassium  thiocyanatc  as  well  u 
copper  sulphate,  and  in  the  presence  of  the  fonner  a  white  precipitate 
of  cuprous  thiocyanatc  is  formed  on  reduction  instead  of  the  usual  rni 
precipitate  of  cuprous  oxide.  The  small  amount  of  potassium  ferro- 
cyanidi-  also  aids  in  kccpini;  cuprous  oxide  in  solution.  As  the  pi*- 
cipitale  formed  is  white  the  loss  of  all  blue  tint  in  the  solution,  indicating 
complete  reduction  of  the  copper,  is  readily  observed.  The  alkaU 
used  is  sodium  carbonate,  which  has  the  advantage  over  the  hydroxides 
in  that  there  is  less  danger  of  destruction  of  small  amounts  of  sugar. 
The  solution  also  has  the  great  advantage  of  being  stable  for  an  in- 
definite length  of  time.  The  method  is  recommended  for  simplicity 
and  accuracy. 


d 


Procedure. — The  nrine,  lo  c.c  of  which  should  be  dOuled  wiOt  wmter  to  |i 
c.c.  (unless  the  su{«r  coDlent  is  believed  to  be  low,  when  it  may  be  used  luidiluted), 
is  poured  into  a  50  c.c.  burette  up  lo  the  zero  mark.  Twonty-fire  c.c  of  the 
r«agei)t-  are  measured  with  a  pipette  into  a  porcelain  evaporation  dish  (15-  jO  cm. 
in  diameter),  lo  to  10  grams  of  crystaUized  sodium  carbonate  (or  ooe-baU  the 
weight  of  the  anhydrous  sail)  are  added,  together  with  a  smaU  quantity  of  pow- 
dered pumice  stone  or  talcum,  and  the  mixture  heated  to  boitiog  over  a  frM 
Same  until  the  carbonate  has  entirely  dissolved.  The  diluted  urine  is  now  nui  iD 
from  the  burette,  rather  rapddly,  uulil  a  chalk-while  precipitate  forms  and  Uw 
blue  color  of  the  mixture  begins  to  lessen  perceptibly,  after  which  the  soUituni 
from  the  burette  must  be  run  in  a  few  drops  at  a  time,  until  the  disappeaniDce  et 
the  last  trace  of  blue  color,  wtiich  marks  the  end  point.  The  solutioa  most  b« 
kept  vigorously  boiling  throughout  the  entire  titration.     If  the  mixtuxe  bMOnM     , 

too  concenlinicd  during  the  process,  water  may  be  added  from  time  to  time  10 | 

replace  the  volume  lost  by  evaporation. 

Calculatioa.^The  calculatioa  of  the  percentage  of  sugar  in  the  original 
of  urine  is  very  simple.    The  3$  cc  of  copper  solution  are  reduced  by  ezacQy  je    | 
mg.  of  glucose.    Therefore  the  volume  run  out  of  the  burette  to  eflect  the  reduc- 
tion contained  50  tng.  of  the  sugar.     When  the  uriae  is  diluted  1 :  10,  as  iathi 

'Benedict:  Jeuf.  Am,  iltd.  Asi'h,  57, 1(93,  tgrt. 

*  Copper  sulplute  (cryfttalliitd) li.ognm. 

SiMUuin  carbonate  {crystalliced.  ooe-half  the  might  of  the 

the  auhydrout  uU  may  be  UMd].,... ....... >> too.o  ftaaa. 

Sodium  or  potnuium  cittntc ■  100,0 grarat. 

Potaeilum  thlocyunatF iij.o  grainf. 

Potutiuni  tcrrocyiuiidc  (5  percent  tolulion} J-ocx. 

Distflled  wAtec  to  nijkr  a  tola]  voliimc  of 1000.0  ex. 

U'ilh  tbu  aid  of  h<iii  dii»olre  the  citrbonate,  citrate  and  thlocyanntc  in  enough  mtff  M 
make  about  800  c.c  of  the  mixture  and  filter  if  attetMry.  Diuolve  the  copper  ntlpbalt 
icpiratcly  in  abixii  100  c.c.  o(  water  and  pouiLhcfoluiion^wly  into  the  other  liqiudLaiw 
coiuiiuit  ttirrlDK.  Add  the  fercocy'iDi'le  kolutlou.  cool  and  dilute  to  cuactly  1  liter.  0(  1^ 
vatious  conitilucnls,  the  copper  nil  only  nted  be  n-eithcd  with  cxnctneu.  Tweniy** 
c.c.  of  (fie  nugeot  are  reduced  by  jo  tn^.  ot  1^umllV.. 
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umud  dtralioo  of  diabetic  urines,  the  fonnuU  for  c«lcul«ting  the  per  cent  of  the 
sugai  is  the  (oUowio^: 

Xiooo  =  per  cent  in  oripnal  sample,  wherein  X 

is  the  number  of  cubic  centnneler^  of  the  diluted  urine  required  to  reduce  35  c.c. 
of  the  copper  solutioo. 

In  the  uM  of  this  method  chloroform  must  not  be  present  during  the  titration. 
If  used  as  a  preGerratiTe  in  the  urine  it  may  be  removed  by  boiling  a  sample  for 
a  few  minutes,  and  then  diluting  to  its  original  volume. 

InUrpretathn. — Sugar  in  the  urine  in  amounts  sufficient  to  be  de- 
tected by  the  oommonly  employed  qualitative  tests  indicates  a  patho- 
logical condition,  unlws  verj'  large  amounts  of  sugar  have  been  ingested 
just  previously,  in  which  case  thf  condition  is  spoki-n  of  as  an  alimentary 
glycosuria.  Persistent  glycosuria  thus  indicates  diabetes  metlitus,  a 
disorder  in  which  the  amount  of  su^armay  rise  as  high  as  10  per  cent 
and  averages  3-5  per  cent.  The  volume  of  urine  excreted  per  day  is 
usually  also  large  and  the  absolute  sugar  excretion  may  thus  be  very 
great  ( 100  grams  of  glucose  per  day  are  not  uncommon) .  The  quantita- 
tive methods  for  the  estimation  of  sugar  in  urine  enable  us  to  deter- 
nunc  the  »everily  of  the  disorder  as  well  as  to  follow  its  course  under 
treatment,  etc 

3.  Fehling's  Method. — Principle.— Y)i\u.icA  urine  is  run  into  a 
measured  amount  of  Fehling's  solution  at  the  boiling-point  until  all 
of  the  copper  it  contains  is  reduced  as  indicated  by  the  loss  of  blue  color, 
This  method  has  several  disadvantages  over  Benedict's  method.  The 
end  point  is  difficult  to  determine  and  the  mixed  solution  is  unstable. 
It  gives  less  accurate  results. 

Procedure.^Place  10  c.c.  of  the  urine  under  examination  in  a  100  c.c.  vohi- 
metric  flask  and  make  the  volume  up  to  100  c.c.  with  distilled  water.  (If  the 
urine  contains  less  than  0.5  per  cent  of  sugar  it  may  be  used  without  dilution.  A 
concentration  of  about  0.5  per  cent  is  the  most  satisfactory  for  this  titntion.) 
Thoroughly  mlz  this  diluted  urine  by  pouring  it  into  a  beaker  and  stirring  with 
a  glasa  rod,  then  transfer  a  portion  of  it  to  a  burette  which  is  properly  supported 
m  a  ctamp. 

Now  {dace  10  c.c.  of  Fehling's  solulioni  in  a  smallbeaker,  dilute  it  with  appf  osi- 
mately  40  c.c.  of  distilled  water,  heat  to  boiling,  and  observe  whether  decompoei- 
tton  of  the  Fehling's  solution  itself  has  occurred  as  indicated  by  the  production  of 
a  turbidit]-.  If  such  turbidity  is  produced  the  Fehling's  solution  is  unfit  for  use. 
Clamp  the  burette  containing  (he  dilute  urine  immediately  over  the  beaker  and 
carefully  allow  from  0.5-1  c.c  of  the  diluted  urine  to  flow  into  the  boiling  Fehl- 
ing's solution.  Bring  the  solution  to  the  boiling-point  after  each  addition  of 
urine  and  continue  running  the  urine  from  the  burette,  0.5-1  c.c.  at  a  time,  as  in- 
dicated, until  the  Fehling's  sohttlon  is  completely  reduced,  i.e.,  until  all  the  cupric 

■  Dlrectiooi  for  the  preparation  o(  Fehting't  soluiion  ire  given  in  a  note  at  the  bottom 
of  p.  16. 
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oxide  in  solution  has  b«ea  precipitated  as  cuprous  oxide.    This  point  wilJ  be 
indicated  by  the  abKolutc  disappearance  of  all  blue  color.     When  this  end  point 
Is  reacted  note  the  number  of  cubic  centimeters  of  diluted  uiine  used  in  the  pi 
ess  and  calculate  the  percentage  of  dextrose  present,  in  the  sample  of 
analyzed,  according  to  the  method  given  below. 

This  Is  a  satisfactory  method,  the  main  objection  to  its  use  being  Iht 
tmcertainty  attending  the  dctermiaatton  of  the  end-reactioo,  i.e.,  the  difficulty 
with  which  the  exact  point  where  the  blue  color  finally  disappears  is  noted.  Sev- 
eral means  of  accurately  fixing  this  point  have  been  suggested,  but  they  an 
practically  all  open  to  objection.  As  good  a  "check"  as  any,  perh«p&,  is  to  tUler 
a  few  drops  of  the  solution  through  a  double  paper,  after  the  blue  color  hat 
apparently  disappeared,  acidify  the  flttrate  with  acetic  acid  and  add  potasuum 
ferrocTanide.  If  the  copper  of  the  Fehling's  solution  hat  been  completely 
reduced,  there  will  be  no  color  reaction,  whereas  the  production  of  a  brown  color 
indicates  the  presence  of  unreduced  copper.  Harrison  has  recently  suggeited 
the  following  procedure  to  determine  the  exact  end  point :  To  about  i  c.C.  of » 
Starch  iodide  solutioni  in  a  test-tube  add  2  3  drops  of  acetic  acid  and  introduce 
into  the  addilied  mixture  i-i  drops  of  the  solution  to  be  tested.  UnredaceJ 
copper  wiU  be  indicated  by  the  production  of  a  purplish -red  or  blue  color  due  IB 
the  liberation  of  iodine. 

It  is  ordinarily  customary  to  make  at  least  three  determinations  by  Pehliag*! 
method  before  coming  to  a  final  conclusion  regarding  the  sugar  content  of  Uie 
urine  under  examination. 

CalctUalion, — Ten  cc.  of  Fehling's  solution  is  completely  reduced  by  «jai 
gram  of  dextrose.'  If  y  represents  the  munber  of  cubic  centimeters  of  undiluteJ 
urine  (obtained  by  dividing  the  burette  reading  by  10)  necessary  to  reduce  Ibi 
10  cc  of  Fehling's  sohitioo,  we  have  the  following  proportion. 

y :  0.0s : :  100 :  x  (percentage  of  dextrose). 

Inter pretation.^^ct  page  523. 

3.  Bang's  Method.' — Principle. — The  solution  to  be  tc-sled  U  bwled 
with  alkaline  cupric  chloride  solution  containing  thiocj'anate  .-md  potas- 
sium chloride.  The  cupric  salt  under  these  conditions  is  reduced  10 
the  cuprou.^  form  without  any  precipitation  taking  place.  The  t^ 
duced  copper  is  titrated  with  standard  iodine  solution  using  staith  0 
an  indicator.    The  titration  reaction  is  as  follows: 

CuCl  4- 1  +  K.CO,  =  CuCOi  -h  KCi  +  KI. 

Procedure. —A  100  cc.  Jena  Oask  with  a  straight  neck  the  flange  of  which  tu* 
been  cut  off  is  used  for  the  boiling  procedure.    Over  the  neck  of  the  flaik  ftic* 

'Tiie  starch-iodide  wlution  may  be  pr*p»i«l  st,  lollowi:  Mix  0.1  gram  of  atucbail^ 
eotd  Vitcr  in  n  mortar  and  pour  the  suiptDilFd  alaich  jtnuiuUs  into  T5-t00.cc.  ot  htBk^ 
naler.  ttirrinj;  cuntlnuously.  Coo)  ihc  Kiaicli  paste,  add  jo-i5i:r«aisof  potanlaBiiMiit 
and  dilute  lh«  miiiure  to  350  C.C.  This  aolution  dcttrioiatct  upon  Maadine.  and  thtnh" 
muit  be  ftciJily  prepared  a«  needed. 

■  I'lie  values  for  crrtaiii  other  tugars  are  as  follows: 

Lactose .  0.0676  giam. 

Maltose.  0074    gram. 

Invert  sugar o .  0475  gram. 

'Bang:  Biochem.  Zeit.,  49.  i,  tqis- 
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a  piece  of  tight  fltting  rubber  tubing  suiBcicntly  long  fnboat  3  inches),  so  thsl  it 
may  be  provided  with  a  pinch  cock  or  clamp  to  shut  off  the  cootents  of  the  flask 
from  (he  outside  air  (see  Fig.  81,  page  3S1 ). 

Introduce  into  the  flask  o.  1  to  3.0  c.c.  Tor  more)  of  the  sugar  solution  contain- 
ing not  more  than  10  mg.  of  glucose.  Then  add  55  c.c.  of  the  diluted  copper 
sofajtion.'  Heat  over  an  asbestos  gauze  with  a  flame  standardized  to  bring  the 
solutkm  to  the  boiUng-point  in  from  3  1/2-3  3''4  minutes.  Boil  for  exactly} 
minutes,  being  prepared  to  close  the  flask  with  the  pinch-cock  at  the  end  of  the 
3  minutes.  Remove  from  the  flame  and  at  once  cool  under  the  tap  to  room  tem- 
perattire.  Remove  the  rubber  tubing,  add  to  the  contents  of  the  flask  i,'3-i 
c.c.  of  the  starch  solution  (i  gram  of  soluble  starch  in  too  c.c.  of  satiuvied  KCI 
solution,  which  keeps  indeflnitety).  Titrate  with  the  standard  iodine  solution' 
run  to  from  an  accurate  burette  with  a  glass  stopcock.  When  the  iodine  starch 
color  appears  throughout  the  solution  rotate  gently  and  let  stand  a  few  seconds. 
The  end  point  is  reached  when  the  blue  color  endures  for  10-30  seconds.  It  is 
preferable  to  carry  out  the  titration  in  an  atmosphere  of  carbon  dioxide,  main- 
tained by  means  of  a  delivery  tube  hung  over  the  side  of  the  flask.  Otherwise 
the  titration  must  be  carried  out  rapidly  to  prevent  reoxidation  by  the  oxygeo  of 
the  air. 

Calculation.— Divide  the  number  of'cubic  centimeters  of  N  100  iodine  solu- 
tion used  in  the  titration  by  1.7  to  obtain  the  number  of  milligrams  of  glucose  in 
the  amount  of  solution  used. 

This  method  is  suitable  (or  urine  analysis.  The  urine  must  however  be  free 
from  albumin  and  as  urine  contains  substances  reacting  slowly  with  iodine  the 
eodpointmuat  be  taken  when  the  blue  color  persists  for  about  10  seconds  and  any 
•low  decolovizatioa  disregarded. 

InterpTctalion. — See  page  523. 

4.  Peters'  Metliod.* — Principle. — -The  sugnr  solution  is  hoilcd  with  an  .liknlinc 
copper  Toluiion  uniJcr  rigidly  standardized  conditions  au<i  after  filtraiiou  the  un- 
reduced copper  i^  determined  by  lidding  potiissium  iodide  ;xDd  titrating  the  libei* 
ated  io<linc  with  standard  thioaulphale  solution. 

Prectdi^e. — .t.  The  Heating  Power. ^l\  is  necessary  to  »tundardi£e  ihe  healing 
power  ol  the  flame  used  in  the  reduction  process.  .\  aoo  c,e.  Erlcnmcycr  fl.isk  of 
Jena  glass  and  of  about  6  cm.  basal  diameter  is  used.  This  bears  a  two-bole  rubber 
Mopper,  one  hole  of  which  carries  a  thermometer.    The  lower  end  of  the  thcrmomc- 

■  Copper  tolmiom.— Slock  Solution.— lihioWe  first  160  tnins  potauium  Ucarboaate, 
100  (MBts  potsHium  carboDAie  and  66  Kiams  uf  potassium  chloride  with  about  700  cc. 
ol  dfaiiUed  water  in  a  liter  flnsk.  Ture  salts  must  be  used  tn  each  chm.  At  the  bicarbonate 
ii  difficulty  soluble  it  should  ^•c  linoly  powdered  and  brougbl  Into  solution  first,  prtfetably 
with  warmJDit  (o  30°^'.  The  KCI  ii  then  disiolved  and  Gnally,  with  cooIinR,  the  carbonate, 
Tten  add  mo  c.c.  «(  a  4.4  per  cent  solution  of  pure  crjitAliine  CuSO,.<Il,0.  Fill  to  tlie 
mark  with  dintilled  water,  MLi  wkhom  atrong  shaking  and  let  stand  hr  14  houti  before 
urau- 

DUfit  Copper  Solution. — Dtlule  too  c.c  of  the  stock  solution  to  1000  ex.  Mix  with 
only  gentle  shaking.    Allow  to  stand  (or  Kvcral  hours  bcfora  uainit. 

Standard  hiline  Siduliim. — The  N/ioo  iodine  Mlulion  b  made  by  dilutiOQ  of  N/io 
iodine  solulioQ  [sec  appendix)  with  boiled  out  distilled  water.  The  sMution  is  stable  foe 
three  month*  if  kept  in  a  dark  liDitle.  It  may  also  be  prepared  dally  from  KI  and  KlOi. 
Introduce  into  a  too  c.c-  dask  about  i  CC.  uf  i  per  cent  KlOt.  andi-t.5  sraeis  ol  K.I  and 
then  exactly,  'o  c-c.  of  N/io  UCI.  The  IICI  libcnlci  an  enuivnlent amount  of  iodine  (*ul> 
pburic  acid  is  ie»  desirable).    Make  to  100  cc.  with  dislUJed  water  and  mix. 

*  Peters:  /.  Am.  Chen.  Soc,  34,  018,  1911;  J4,  413, 1911. 
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ter  should  extend  to  about  3  mm.  from  the  bottom  of  the  flask  and  the  35°  maik 
on  the  thermometer  stem  should  be  visible  above  the  stt^per.  Tlie  fiask  is  placed 
on  an  asbestos  gauze  supported  by  an  adjustable  ring  stand.  A  Bunsen  or  iSika 
burner  is  used  and  is  placed  at  from  3-5  cm.  beneath  the  tower  surface  of  the  asbestos 
gauze.  Use  a  large  flame  and  allov  the  ring  and  gauze  to  become  thoroughQr 
heated.  Then  place  the  flask,  into  which  60  c.c.  of  distilled  water  has  been  intrO' 
duced,  in  the  center  of  the  gauee  and  observe  the  time  required  for  the  temperaluit 
in  the  flask  to  rise  from  35  to  95°C.  By  several  trials  the  flame  and  position  of  the 
gauze  are  so  adjusted  that  it  requires  (within  a  few  seconds  either  way)  just  im 
seconds  for  the  temperature  to  rise  from  ss-iJs'C.  This  standard  flame  is  tben 
used  in  the  determinations  which  follow. 

B.  The  Reduction  Process. — Into  a  100  c.c.  Jena   Erlenmeyer  flask  fitted  u 
above,  introduce  20  c.c.  of  alkaline  tartrate  solution,'  ao  c.c.  of  the  copper  sulphate 
solution'  and  the  sugar  solution  to  be  analyzed  which  should  first  be  made  up  [0 
30  c.c.  50  that  the  total  volume  of  the  fluid  in  the  reduction  flask  is  always  60  c.c 
Place  the  flask  over  the  standard  flame  and  note  when  the  temperature  of  tbe  mii- 
ture  teaches  gs'C.     Allow  to  boil  for  exactly  30  seconds  after  the  temperature 
reaches  95°.    Then  the  flask  is  promptly  removed  with  the  stopper  still  in  plan 
and  held  under  the  tap  for  a  moment  to  stop  the  reduction  but  not  to  cool  the  nur- 
ture more  than  a  few  degrees  below  the  boiling-point.     Filter  hot  through  a  pre- 
viously prepared  Gooch  crucible  with  a  heavy  asbestos  mat  through  which  suffidtnt 
of  a  suspension  of  talcum  has  been  filtered  so  that  with  suction,  not  a  stream  but  1 
tapid  succession  of  drops  comes  through  the  filter.     (A  calcium  chloride  tube 
packed  with  glass  wool  and  asbestos  may  also  be  used.)     The  suction  flask  should 
have  a  capacity  of  about  300  c.c.  so  that  the  titration  may  be  carried  out  in  it  di- 
rectly.    Wash  the  filter  with  a  fine  stream  of  water  using  not  more  than  15-20  ex. 
of  water  in  all.    To  the  filtrate  add  4  c.c.  of  concentrated  sulphuric  add  and  cod 
to  so'C.    Add  6-7  c.c,  of  a  saturated  solution  of  potasuum  iodide.    Titrate  ihe 
liberated  iodine  with  standard  thiosulphate  solution,*  adding  a  few  drops  of  a  solu- 
tion of  soluble  starch  as  an  indicator  near  the  close  of  the  titration.     The  "^ 
test "  may  be  used  in  determining  the  end  point.    As  long  as  a  drop  of  tbioaulphite 
produces  a  perceptible  white  area  in  falling  upon  the  quiet  Sf^ution  the  end  poiU 
has  not  been  reached.    The  chocolate-brown  color  of  the  mixture  changes  to  1 
light  cream  white  as  the  last  necessary  drop  of  thiosulphate  is  added. 

A  blank  should  be  run  in  exactly  the  same  way  but  with  the  omission  of  the 
sugar  solution. 

Calculation. — Subtract  the  number  of  cubic  centimeters  of  tMosulidiate  R* 
quired  for  the  titration  of  unreduced  copper  from  the  number  of  cubic  centimeten 
required  for  the  blank.     This  gives  the  amount  of  thiosulphate  equivalent  to  copptt 

'  Copper  Soltdi&H. — Dissolve  34,63g  grams  of  highest  purity  aystaUiicd  copper  lulpluK 
(Eahlbaum's  "zai  Analyse  tnit  GarBnticscheia)  in  water  to  make  50a  CX. 

AltaJiiie  Tartrate  Soivtion.-^ Dissolve  173  gnuusof  sodium  potassium  tartrate  udii] 
grams  of  potassium  hydroxide  in  water  to  m^e  500  c.c. 

*  N/s  Sodium  Tkiasuifkale. — Dissolve  about  50  grams  of  ordinary  cp.  NcUnm  wo- 
sulphate  or  exactly  4g.66  grams  of  the  pure,  dry,  recrystalliied  salt,  in  enough  baik<M( 
distilled  water  to  make  a  liter.  Allow  to  stand  for  several  days.  The  solution  thouW  * 
standardized  against  the  copper  solution  prepared  as  above.  For  this  purpose  intnKlX* 
10  c.c.  of  the  copper  solution  into  a  300  c.c.  Erlenmeyer  flask,  add  30  c.c.  erf  30  pa  est 
acetic  acid  and  40  c.c.  of  water.  Add  about  7  grams  of  a  saturated  solutioD  of  Kim 
titrate  with  the  thiosulphate  using  starch  as  an  indicator.  Calculate  the  equivalent « < 
c.c.  of  thiosulphate  in  Cu.  One  c.c.  of  the  copper  sulphate  solution  contains  i;.647  "f 
o[  Cu.  The  thiosulphate  remiins  constant  tor  wme  months.  It  should  be  kept  in  id*" 
bottle. 
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reduced.  Multiply  this  result  by  the  value  of  i  c.c.  of  thiosulphate  expressed  as 
Cu,  aod  obtain  the  number  of  milligrania  of  copper  reduced.  Then  by  consulting 
the  table  of  values  (below)  determine  the  weight  of  glucose  equivalent  to  this 
amount  of  copper. 

Cole'  has  determined  the  copper  values  for  lactose  using  this  method  exactly 
as  outlined.  He  has  also  suggested  the  following  empirical  formula  which  agrees 
well  with  the  values  derived  from  his  tabic: 

Mg.  anhydrous  lactose  —  i.js  +  0.778  X  mg.  Cu. 

Interpretation. — See  page  5^3. 

TABLE  FOR  THE  DETERHINATIOH  OP  GLUCOSB 

AuordlBC  to  PMn 


Glucose 

Copper, 
mg. 

Glucose 
Cu'"'"* 

Glucose 

Copper, 
mg. 

Glucose 
"Cu      " 

I 

I  .3 

0.833 

60 

us  S 

o.saa 

3 

a. 8 

0.714 

70 

134-4 

0.533 

S 

8.2 

0.610 

So 

iS^-Q 

0.533 

8 

13.8 

0.580  ■ 

90 

171. D 

o.S" 

10 

17-4 

O.S7S 

100 

191. 6 

0.533 

IS 

27.7 

0.542 

no 

308.9 

0.537 

ao 

37  I 

OS39 

130 

338.1 

0.536 

as 

48.1 

o.saa- 

13s 

355.0 

1         0.539 

30 

57-3 

Q.Sas 

ISO 

380.8 

O.S34 

35 

67.6 

o.Saa 

i6s 

306.8 

1         OS38 

40 

76.3 

0.533 

180 

330  s 

1         0.545 

45 

86.0 

o.sa3 

300 

349  6 

0.57a 

SO 

q6.o 

O.S»3 

1 

5.  Bcrtnnd'fl  Uettutd.*  Principle. — The  sugar  b  boiled  with  alluUine  copper 
sulphate  solution  and  the  precipitated  cuprous  oxide  filtered  oS,  dissolved  in  an 
add  solution  of  ferric  sulphate  and  the  resultant  ferrous  salt  titrated  with  potassium 
permanganate.  This  method  of  titrating  cuprous  oxide  may  be  conveniently  used 
where  other  reduction  procedures  such  as  that  of  Peters  or  of  Munson  and  Walker,* 
have  been  employed.  In  this  case  the  tables  corresponding  to  the  particular 
method  and  not  the  Bertrand  tables  must  be  consulted  in  calculating  the  sugar 
equivalent. 

The  following  reactions  are  involved  in  the  Bertrand  titration: 

CurfJ  +  Fe,{SO<).  +  HtSO*  -  aCuSO*  +  aFeSOi  +  H/) 
loFeSO*  +  aKMnOt  +  8H,S0,  -  sFe,(SO.)i  +  K,SO.  +  nUaSOt  +  8H,0. 

Procedure. — Introduce  into  an  Erienmeyer  flask  of  150  c.c.  capacity,  30  c.c.  of 
the  sugar  solution  (of  a  concentration  of  0.5  per  cent  or  less),  10  c.c.  of  the  copper 

'Cole:  Biochem.  J.,  8,  134,  1914. 

'Bertrand:  Bull.  Soc.  Ckim.  de  Franct,  33,  1185,  iQot). 

'MutUOD  and  Walker:  Bull.  107,  U.  S.  Dcpt.  ol  A|;ricu\VuTe. 
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TABLE  FOR  THE  DETERHmAllON  OF  REDUCING  SDGARS 

AccHdinc  to  Bartnod 


Sug&r  in  mg. 


II 

13 

J3 
>4 
IS 
16 
17 
i8 

19 
to 

31 

"3 
H 
»S 

96 
37 
38 

■9 

y 

31 
31 

33 
34 
35 
36 
37 
38 
39 
40 
41 
4» 
43 
44 
45 
46 

47 
48 

49 

SO 
SI 
SI 

S3 
54 

5S 
56 


Glucose 

Invert  sugkT 

Galactow 

Maltose 

LactoM 

Cu 

Cu 

Cu 

Cu 

Cn 

ao.4 

90. 6 

19-3 

II-2 

144 

ia.4 

31.6 

31.3 

13.3 

1S8 

24.3 

34.6 

33.0 

13.4 

17.3 

36.3 

36. s 

14.9 

14-5 

ise 

38.3 

38.  s 

26.7 

IS. 6 

30-0 

30-3 

30.5 

28.6 

16-7 

"-4 

33.3 

3»-5 

30- s 

17-8 

1           21.8 

34- a 

34.5 

32.3 

18.9 

)4-I 

36.3 

36.4 

34-2 

20.0 

35.6       1 

38.1 

38-4. 

36.0 

21-1 

37.0 

40.1 

■  40-4 

37.9 

33.3 

38.4 

4i.o 

43.3 

39.7 

23.3 

i       39. s 

43-9 

44.I 

41.6 

24-4 

31. 1 

45.8 

46.1 

43-4 

=5-S 

3'S 

47-7 

48.0 

45-3 

26.6 

33-9 

49.6 

49.8 

47-0 

iy-7 

1         3S-> 

51-5 

5"-7 

48.9 

28  9 

366 

53-4 

53-6 

SO.  7 

30,0 

j         38-* 

55-3 

55-5 

Sa-S 

31.1 

39-4 

S7-a 

57-4 

S4-4 

3>.3 

40,7 

59  " 

59-3 

S6.3 

33-3 

,          4*  ' 

60.9 

61. 1 

S8.o 

34-4 

43  * 

61.8 

63.0 

59.7 

3S-S 

44.8 

64.fi 

64. 8 

61. S 

36. s 

!       46-' 

66. s 

66.7 

(■i-i 

37.6 

47-4 

68.3 

68. S 

65-0 

38.7 

48.7.    : 

70.1 

7»-3 

66.8 

39  8 

so.  I 

73.0 

73.3 

68.6 

40.9 

51-4 

73.8 

74.0 

70.4 

41.9 

1         5»-7 

75-5 

75-9 

73.1 

43.0 

1         54-> 

77. 5 

77-7 

73-9 

44.1 

5S-4      ' 

79.3 

79.5 

7S-6 

45-» 

1        S6-'     1 

Si. I 

81.2 

77-4 

46-3 

S8.e 

8z,g 

83.0 

79-1 

47-4 

59.3 

84.7 

84. 8 

So. 8 

48-S 

6o.i 

86.4 

86. s 

8>-S 

49-5 

Ci.g 

88. 1 

88.3 

84.3 

SO-6 

63 .3 

90,0 

90.1 

86.0 

51-7 

64-6 

91.8 

91.9 

87-8 

S2.8 

65.9 

93  6 

93.6 

89-5 

53-9 

1       fi?.' 

95  4 

954 

91-2 

5S-0 

1        68, s 

97.1 

97.1 

92-9 

S6.i 

69.S 

98.9 

9S.3 

94-6 

57.1 

!        71-1 

100,6 

100.6 

96-3 

58.3 

7«.4     1 

10J.3 

10J.3 

98. 0 

59-3 

73.7 

104. 1 

104.0 

99-7 

60.3 

1        74-!»     ' 

105.8 

"OS- 7 

101.  s 

61-4 

7«.» 

^^ 

miTNE 

529 

m.lt  FOR 

THE   DBTBRMINATIOR  OF  REDUCING  SUGARS, 

—lC«ntinu«tl) 

.    Accordlog  to  B«ctrand 

1 
i 

GlucoK           Invert  tag&r         Galkctose 

Maltote 

Lactose 

ig»T  u  fag. 

1 

Ctt                      Cu                       Cu 

Cu 

Cu 

S7           ! 

10;, 6                    107.4                    103-3 

63.5 

77-5 

s«      i 

109.3                109. a                104. 9 

63.5 

78,8 

J9 

III. I 

110.9                  106.6 

64-6 

80,1 

60 

III. 8 

113.6             j       loS-3 

6s-7 

81.4 

61 

"4.S 

114.3                    IIO.O 

66-8 

83.7 

63 

116. 1 

115-9 

111,6 

67-9 

83.9 

63 

117.9 

117,6 

113.3 

68-9 

8s-i 

64 

119-6 

119.3 

1150 

70,0 

86.S 

6S            1 

iJl-3 

I30-9 

116-6 

71-1 

87-7 

66 

133.0 

133.6 

118-3 

73.3 

89  0 

67 

134-7 

134,3 

TIO.O 

73 -3 

90.3 

6S 

136.4 

115-9 

131-7 

74.3 

91 -6 

69 

I3S.  I 

137-5 

133.3 

75-4 

93,8 

70          i 

139. s 

T3g.3 

135.0 

76-5 

94-1 

71 

131-4 

130-8 

136-6 

77.6 

95-4 

7. 

133- ' 

l3»-4 

138.3 

78,6 

96-6 

73 
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81 
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solution'  and  lo  c.c.  ol  the  dkaline  tartrate  solution.'  Heat  to  boiling  over  u 
asbestos  gauze  and  boil  gently  for  exactly  three  minutes.  Let  stand  a.  moment  that 
the  copper  oxide  may  settle  and  then  filter  with  suction  through  a  Goocb  crudbk 
with  a  heavy  asbestos  mat  (or  a  calcium  chloride  tube  with  successive  layers  of 
glass  wool,  coarse  asbestos  and  fine  asbestos  wool)  into  a  fiaslc  of  about  150  ex. 
capacity.  Wash  the  residue  in  the  flask  twice  by  decantation  with  a  little  hot 
water  pouring  the  supernatant  liquid  through  the  filter.  Throw  away  the  deu 
filtrate,  rinse  the  flask  and  replace  it.  To  the  flask  containing  the  cuprous  oiidc 
add  5-30  c.c.  of  the  acid  ferric  sulphate  solution.*  A  green  solution  contsiiuiig 
ferrous  sulphate  is  formed.  Pour  through  the  filter  together  with  a  little  mote  of 
the  add  solution  if  necessary  to  completely  dissolve  the  copper  osde.  Wa^  fluk 
andjlfitter  with  a  little  water.  Titrate  the  filtrate  with  standard  potassium  per- 
manganate solution'  to  a  rose  color.  The  procedure  should  be  carried  out  as  raiMx 
as  possible. 

CflA;a/o((«i.— Multiply  the  number  of  cubic  centimeters  of  permanganate  med 
by  its  copper  equivalent  as  determined  by  standardization,  and  from  the  tabic 
(page  528-539)  obtain  the  corresponding  value  for  the  sugar  under  examination. 

Interpretation — See  page  513. 

6.  Fermentation  Method.— Pfinci^/e. — This  method  conasts  io 
the  measurement  of  the  volume  of  carbon  dioxide  evolved  when  the 
dextrose  of  the  urine  undergoes  fermentation  with  yeast.  None  of 
the  various  methods  whose  manipulation  is  based  upon  this  principle 
is  absolutely  accurate.  The  method  in  which  Einhorn's  saccharometei 
(Fig-  3i  page  31)  is  the  apparatus  employed  is  perhaps  as  satisfactory 
as  any  for  clinical  purposes. 

Procedure. — ^^ace  about  15  c.c.  erf  urine  in  a  mortar,  add  about  i  gna  d 
yeast  (i/r6  of  the  ordinary  cake  of  compressed  yeast)  and  carefully  ciuA  te 
latter  by  means  of  a  pestle.  Transfer  the  mjzture  to  Uie  stccharometer,  Mif 
careful  to  note  that  tiie  graduated  tube  ia  completely  filled  and  ttiat  no  air  bobfabt 
gatlier  at  fht  top.  Allow  the  apparattia  to  stand  in  a  warm  place  (30°C.)  fm  " 
hours  and  observe  Qie  percentage  of  dextrose  as  indicated  by  the  (raduated  talt 
of  the  instnmient.  Both  the  percentage  of  dextrose  and  &e  number  of  cubic 
centimeters  of  carbon  dioxide  are  indicated  by  the  graduations  <m  the  side  of  b 
saccharometer  tube. 

The  fermentation  method  becomes  a  much  more  accurate  procedon 

if  the  saccharometer  of  Lohnstein  is  used.' 

'  (a)  Copper  Sulphate  Solution. — Forty  grams  of  pure  crystallized  copper  sulpbsteiR 
dissolved  in  water  to  make  a  liter. 

(b)  Alkalint  Tailrafe  Solution. — Dissolve  100  grams  of  Rochellc  salts  and  isogrtmscf 
NaOH  in  w.iter  to  make  1000  c.c. 

(e)  Acid  Ferric  Sulphate  Soliitinn.—'DhsoWt  jo  grams  of  ferric  sulphate  in  about  loetc 
of  water  and  pour  into  this  a  mixture  of  200  c.c.  of  concentrated  sulphuric  sdd  (Qiilcd 
with  about  400  c.c.  of  water.     Mix  and  make  up  to  1000  c.c. 

(if)  Potassium  Permanganate  Solution. — Dissolve  s  grams  of  potassium  pennaDguuteiii 
water  to  ninbe  1000  c.c.  Slandardizalion. — Dissolve  0.350  gram  of  ammonium  ontittii 
50-100  c.c.  of  water,  add  i-;  c.c.  of  concenlrated  sulphuric  acid  and  titrate  with  the  pf' 
innnganate  to  a  rose  color,  .\bout  2j  c.c.  will  be  required.  Multiply  the  number  of  pii^ 
of  oxalate  used  by  0.895  to  get  the  equivalent  in  Cu  of  the  number  of  cubic  centiBietHia 
permanganate  used.  Calculnte  the  Cu  value  of  i  c.c, 
'Lohnslein:  Miinck.  med.  IVncli.,  \¥iQ<i.  idiv. 
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The  availability  of  the  fermentation  procedure  as  a  quantitative 
aid  has  been  appreciably  lowered  through  the  important  findings  of 
Xcubcrg  and  ARSociatcs.'  They  show  that  yeast  has  the  property  of 
splilling  ojf  carbon  dioxide  from  the  carboxyl  group  of  amino-  and  other 
aiiphnlic  acids.  The  active  agent  in  this  "sugar-free  fermentation"  is 
an  enzyme  colled  carboxylase.  Inasmuch  as  amino-acids  are  always 
present  in  the  urine,  the  error  from  this  source  is  apparent. 

7,  Polariscopic  Examination. — Before  subjecting  urine  to  a  polariscopic 
ezaminatioa  the  slightly  acid  fluid  should  be  decolorized  as  thoroughly  as  possible 
by  the  addition  of  a  little  lead  acetate.  The  urine  should  be  well  stirred  and  then 
filtered  through  a  filter  paper  which  has  not  been  previously  moistened.  In  this 
way  a  perfectly  clear  and  almost  colorless  liquid  is  obtained. 

la  deternuoing  dextrose  by  means  of  the  polaiiscope  it  should  be  borne  in 
mind  that  this  carbohydrate  is  often  accompanied  by  other  optically  active  sub- 
Stances,  such  as  proteins,  fructose,  ^-hydroxy butyric  acid,  and  conjugate  gly- 
cuionates  which  may  introduce  an  error  into  the  polariscopic  reading;  the  method 
,  is,  however,  sufficiently  accurate  for  practical  purposes. 
I      Por  directions  as  to  the  manipulation  of  the  polariscope  see  page  ji. 

Below  are  given  the  specific  rotations  of  some  physiologically  important  sugars 
as  well  as  of  certain  other  optically  active  substances  the  possible  presence  of 
which  must  be  borne  in  mind  in  determining  glucose  poUrimetrically  in  urine. 
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Specific  Rotation 

Specific  Rotation 

Glucose 

-f5>-« 

Fructose 

-91.35 

Hatiose 

+  136.5 

iH-Hy  drozy  butyric 

-24.11 

Isomaltose 

+68.0 

acid. 

Lactose 

+5>-53 

Conjugated   Gly- 

Levorotatory  io 

Pentose  li-aia- 

0.0 

cuionic  AcidB. 

varying  degreoK, 

biaose). 
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I.  Scberer's  Coagulation  Method.  -The  content  of  coagulable  protein 
may  be  accurately  determined  as  follows :  Place  50  c.c.  of  urine  in  a  small  beaker 
and  raise  the  temperature  of  the  fluid  to  about  40°C.  upon  a  water-bath.  Add 
dilute  acetic  add,  drop  by  drop,  to  the  warm  urine,  to  precipitate  the  protein  which 
will  separate  in  a  flocculent  form.  Caie  should  be  taken  not  to  add  too  much 
acid ;  ordinarily  less  than  20  drops  is  sufficient.  The  temperature  of  the  water  in 
the  water-bath  should  now  be  raised  to  the  boiling-point  and  maintained  there 
(or  a  few  minutes  in  order  (o  insure  the  complete  coagulation  of  the  protein  pres- 
enL     Now  filler  the  urine'  through  a  previously  washed,  dried,  and  weighed 

•  N'cul>crK  and  AMOcUtcs-  liiinkcn   Zdlnbr.,  vul.  ji  and  j6,  igii. 

'Xf  it  i^dcurrd  Iheprecipilntc  may  bvliUcrctlotl on  iiniiHH'r>|A(Kt  paper,  and  ItiDitrogen 
content  determined  by  th«  Kjcld.ihl  mrttind  (t>ce  p.  *^i).  Id  order  to  arrive  at  correct 
fiipirc*  for  the  |>roIrin  coalcnt  it  i&  then  simfity  nrccaury  (o  mulliply  Ilic  tulxl  alticiEen 
content  bj-  6.35  (icp  p,  318).  Correction  »hould  be  made  (or  the  nJlrogen  content  of  tlve 
filter  paper  uieil  unlrH  thi*  (nctor  is  ncKllK>hlc, 
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filter  pBpcr,  wash  the  precipitated  protein,  id  t\im,  with  hot  water,  95  per  cent 
akobol,  and  with  ether,  and  izy  the  paper  and  precipitate,  to  constant  wdgbt,  'm 
an  air-bath  at  i  io°C.  Subtract  the  weight  of  the  filter  paper  from  the  combined 
weight  of  the  paper  and  precipitate  and  calculate  the  percentage  of  protein  in  tbe 
urine  specimen. 

Calculation. — To  determine  the  percentage  of  protein  present  in  the  uniu 
under  examioation,  multiply  the  weight  of  the  precipitate,  ci- 
pressed  in  grams,  by  2. 

InUrprelation. — The  amount  of  albumin  occurring 
in  the  urine  is  not  necessarily  an  index  of  the  sevetit}' 
or  type  of  the  disorder  giving  rise  to  it.  Hence  no  sig- 
nificant figures  can  be  given.  Xorniiil  human  urine 
probably  contains  a  trace  of  albumin  which  is  toosli^ 
to  be  detected  or  determined  by  the  usual  procedutet 
The  determination  of  albumin  may  be  of  assistanceio 
following  the  course  of  kidney  disturbances,  but  th«t^ 
suits  can  be  interpreted  only  in  the  light  of  other  dfaucal 
findings. 


t   !..t 
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1.  Esbach's  Method. — This  method  depends  upon  tho  pre- 
cipitatioa  of  protein  by  Esbach's  reagent'  and  the  appantut 
used  in  tho  estimation  is  Esbach's  albumlnometer  (Fig.  167!. 
In  mnking  a  determination  fit!  the  albumin ometer  to  the 
point  U  with  urine,  then  Introduce  the  reagent  unttl  llu 
point  R  is  reached.  How  stopper  the  tube,  invert  it  shwlj 
several  Umos  in  order  to  insure  the  thorough  mixing  of  Ibt 
fluids,  and  stand  the  tube  aside  for  34  hours.  Creatinine,  rtsn. 
acids,  etc.,  are  precipitnted  in  this  method,  and  for  this  tai 
other  reBBons  it  is  not  as  accurate  as  the  coagulation  method. 
It  is,  however,  extensively  used  cUaicaUy.  According  to  SaUi' 
the  method  is  "accurate  approximately  to  one  part  per  1000," 
wheieas  Pfeiffer'  claims  it  is  not  accurate  fur  less  than  OOf 
half  or  for  more  than  five  parts  per  looo. 

Calculation. — The  graduations  on  the  albuminometer  btdi- 
Kig.   t6;. —  cate  grams  of  protein  per  liter  of  urine.    Thus,  if  the  prottlo 
EKBACti's  Albl'-  precipiute  is  level  with  the  figure  3  of  the  graduated  scale,  tbi* 
'^  '         denotes  that  the  urine  examined  contiiins  3  grams  of  protein  U 

the  liter.    To  express  the  amount  of  protein  in  per  cent  ^mpty  move  the  deci- 
mal point  one  place  to  the  left.    In  the  case  under  consideration 
contains  0.3  per  cent  protein. 

Inter pTttaliott. — Sec  above. 

3.  Kwilecki's  Modification  of  Esbach's  Method.*— Add  10  drops  <rf 
cent  solution  of  FeCli  to  the  acid  urine  before  introducing  the  Esbach's  reafoL 

t  EtiUach'E  rc.itTf nt  is  prepared  by  dtswlving  10  grains  of  picric  »cid  and  90  pUM  *( 
citlif  iitid  in  I  liTir  u(  wulfc. 

'  .S.ihii:  Ltirbuiii  d.  klin.  Untfttiiclittntt-MtUi«dm,  jth  Aull.,  190O. 
'flcillet:  Bai.Uin.  Weed.,  «,tn,  1911. 
'  Kwtlecki:  UUmh  intd.  Woeh.,  s6. 9-  ns>- 
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Warm  the  tube  aad  coatents  In  a  water-batb  at  7a°C.  for  $-6  minutes  and  make 
the  reading. 

4.  Tnibidi^  Method  of  Poltn  and  Denis.' — Principle. — The  albumin  of  the 
urine  is  pfccipitatrd  with  sulphosnlicyliv  a(i<)  and  the  turbiilily  produced  com- 
pared with  tliat  of  a  standard  protein  solution. 

Proadttre. — To  about  75  C.C  of  water  in  each  of  two  100  c.c.  volumetric  flasks 
u  »dde<l  s  C.C.  of  a  15  per  cent  solution  of  sulphoaalicylic  add.  To  one  flask  b  then 
added  5  C.C.  of  the  «t.iDdur(t  protein  solution  containing  10  mg.  of  ulbumin  and  to 
the  other  is  added  ihc  albuminous  urine  i  c.c.  at  a  time  (by  means  of  an  Ostirald 
pipette)  until  the  turbidity  obtained  seems  to  be  reasunably  near  that  of  tbe 
standard.  The  two  flaitks  are  then  filled  up  to  the  mark  with  water,  cautiously 
inverted  a  few  times  to  secure  mixing,  and  are  then  ready  for  ihe  quantUativB 
comparison  just  as  iu  colorimetric  work.  The  standard  must  invariably  be  read 
against  itself.  Tlic  standard'  containing  10  mg.  of  protein  is  set  at  10  mm.  The 
unknown  must  not  read  less  than  10  nor  nuire  than  30. 

Cofm/aii^n.—Dividing  too  by  the  product  of  the  reading  of  the  unknown  and 
the  number  of  cubic  ceniimetcrA  of  urine  taken  gives  Ihe  albumin  fn  milligrams  per 
cubic  centimeter  of  urine.  The  albuminous  suspensions  must  not  be  shaken  but 
mixed  very  carefully.  The  method  le  fairly  accurate  and  requires  but  a  few  minutes 
if  ft  standard  solution  is  at  hand.  The  method  is  not  applicable  to  urines  deeply 
colored  wtth  blood  or  bile  but  may  be  used  for  albuminous  fluids  other  than  urine 
if  such  fluids  are  not  highly  pigmented.  It  must  be  borne  in  mind  that  different 
proteins,  as  serum  albumin  and  serum  globulin,  may  give  markedly  different  dcfrec* 
vi  turbidity  under  the  same  conditions.' 
■    InlerprOalioH. — See  page  sjj. 

~  1.  Folin-Hart  Kethod.— Principle. — This  method  as  well  as  the 
two  following  scr\'c  the  ptirpose  of  determimiig  the  acetone,  and  accto- 
acetic  add  together  in  terms  of  acetone.  Acetoacetic  acid  on  heating 
is  decomposed  with  the  formation  of  acetone.  In  this  method  the 
acetone  preformed  and  that  derived  from  the  acetoacetic  add  are 
carried  over  by  means  of  an  air  current  into  a  solution  of  iodine  in  potas- 
sium hydroxide  (allcaline  hypoioditc  solution).  The  acetone  is  here 
absorbed  and  retained  as  iodoform.  The  excess  iodine  over  that 
necessary  to  combine  with  the  acetone  is  determined  by  titration  with 
sodium  thiosulphate.  The  method  is  simple  and  accurate  if  directions 
are  carefully  followed. 

■  Folio  and  Deals:  Jaur.  BM.  Cfitm.,  t8,  17^1  >0I4. 

•Standard  -Mbumin  soiuiion.  Ft€sk  blood  serum  free  from  hemoglobin  ii  used. 
15-35  ex.  of  the  serum  ace  diluted  witii  a  1;  per  cent  solution  of  chemically  pure  sodium 
eolonde  to  about  tjoo  c.c.  The  soUiiion  U  mixed  and  liliered.  By  means  of  aitiogea 
detenainatiaais  thepcoteui  conlent  of  tbe  liltMtc  is  determined  ([irolein  — NX6.IS)  and 
on  the  l>aus  of  the  tigurc  obtained  tbe  lolututn  is  diluted  ^tb  1 5  per  cent  sodium  chloride 
scJudoD  so  (hat  (t  cutitalu  a  mg.  of  protein  per  cubic  centimeter.  It  is  best  to  saturate 
the  albumin  sulution  with  chloroform.    Tbe  solution  beeps  for  months. 

'Uarthall  and  Banks:  Proceediniri  oF  tbe  American  Pbilosopbical  Society,  54,  t\^., 
19  IS- 
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Procedure. — Introduce  into  a  wide-mouth  bottle  loO  C.c.  of  water,  an  accD* 
ralely  measured  excess  of  N/io  iodine  solution' and  anexcessof  40pe^c«stpotts- 
Bium  hydroxide.  Prepare  an  aerometer  cylinder  containing  alkaUne  hypoiodite 
solution  to  absorb  any  acetone  wbidi  may  be  present  in  the  air  of  the  Uboiataiy, 
and  between  the  cylinder  and  bottle  suqwnd  a  test-tube  about  2  inches  in  dtun> 
ftT.  ThiK  large  test-tube  should  contain  30  c.c.  of  the  urine  under  cxaminalioii, 
|o  drops  or  a  10  per  cent  solution  of  phosphoric  add,  to  grams  of  sodium  chloridt 
and  a  little  petroleum,  and  should  be  raised  sufficiently  high  to  fadlttale  the  esq 
application  of  heat  to  its  bottom  portioD.  The  connections  on  the  aide  of  the  tub« 
should  be  provided  with  bulb-tubes  containing  cotton.  Wbui  th«  appantni  it 
arranged  as  described,  it  should  be  connected  witti »  dupmu  pump  Mid  an  air 
current  passed  through  for  twenty^ve  minutes.  During  this  period  the  coateots 
of  Qic  test-tube  are  heated  just  to  the  boiling-point  and  after  an  interval  of  Gt« 
minutes  again  heated  in  the  same  manner.  By  this  means  the  dlacetic  add  is 
converted  into  acetone  and  at  the  end  of  the  twcniy-tive -minute  period  lUi 
acetone,  as  well  as  the  preformed  acetone,  will  have  been  removed  from  the  nilM 
to  tlte  absorption  bottle  and  there  retained  at  iodoform. 

The  contents  of  the  absorption  bottle  should  now  be  acidified  with  concen- 
trated hydrochloric  acid,'  and  titrated  with  N  10  sodium  Ihiosulphate  and  starch 
■s  in  the  Messinger-Huppert  method  (see  below). 

Inlerprtlalion. — Normal  adults  on  a  mixed  diet  excrete  on  the 
average  3-15  mg.  of  combined  acetone  and  acctoacctic  add  per  day  and 
aQythi&g  over  so  mg.  is  usually  pathological.  The  amount  is  ooo- 
Ulderably  increased  in  fa.'iting  and  on  a  carbohydratc-frce  diet  due  to  tlie 
^fevelojimcnt  of  acidosis.  In  severe  diabetic  acidosis  values  up  to  6 
grams  per  day  or  even  higher  may  be  noted.  It  U  somctimcn  found  in 
large  amounts  in  intoxications  associated  with  pregnancy.  It  may  be 
found  in  increased  amounts  in  the  urine  in  a  great  variety  of  patho- 
logical conditions.  Quantitative  estimation  enables  us  to  follow  the 
course  of  the  acidosis.     Ammonia  excretion  is  also  largely  increased  ia 

'  Proceed  OS  follow*  in  order  to  obtain  a  rough  idu  regarding  the  amount  of  X  i4 
iodine  sulutiun  lo  be  iiacd :  Introduce  Into  m  Ie»t>lubc  10  c.c.  of  ibc  urine  under  cauiu' 
tiooand  I  cc.  of  a  solutiunol  ferric  chloride  made  by  disMilvin^  1 00  ^tamsof  ferric  chktidE 
Id  100  C-C.  of  distilled  wiitcr.  After  primiltiag  the  mixture  to  itaod  for  two  nuanW 
compiue  ilie  color  with  tbai  of  an  niunl  volume  ol  the  ferric  chloride  totutton  ia  ■  tot' 
tube  of  wmikr  diameter.  K  the  t*o  lolu  tioiis  be  ol  apjiroiimiitel)'  Ibe  aanae  color  iutciiKr. 
ao  c.c.  of  tbn  iiiinc  under  examination  will  yidd  sufficient  acetone  to  require  neady  toct- 
of  N'/io  Iodine  solution.  In  cMt  the  mixture  Ii  dnrker  in  color  tkin  it  the  ferric  ddcddt 
toltitiaa.  the  lormei  iliuuM  be  dOuied  with  distilled  uaici  until  it  Is  of  appioxfnuidytbe 
i&rae  intentitv  as  the  ferric  chloride  xnluiion.  From  this  data  tbe  amount  o(  N/io  lediM 
feoluciou  irqulred  may  be  roughly  cslimstcd  by  menns  of  the  folloiriiis  table; 
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30 

-      1 

"      1 

*An  eicessof  iodine  it  itidticatcd^  tlte  4cvi&«vn«iA<^^bimRi  color. 
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these  conditions,  being  used  in  the  neutralization  of  the  excess  adds 
fonned  in  the  body.  Usually  about  three-quarters  of  the  combined 
acetone  and  acetoacetic  acid  excretion  is  in  the  form  of  acetoacetic  add, 
but  the  proportion  is  not  constant. 

Addosis  is  due  mainly  to  a  disturbance  in  the  metabolism  of  fats. 
The  fatty  adds  are  ordinarily  oxidized  through  hydroxybutyric  acid  to 
acetoacetic  add  which  is  in  turn  oxidized  through  formic  and  acetic 
adds  to  carbon  dioxide  and  water.  When  fat  catabolism  is  increased 
to  such  an  extent  that  the  body  camiot  bring  about  complete  oxidation 
of  the  products  formed,  a  considerable  portion  of  the  acetoacetic  add 
instead  of  being  oxidized  in  this  way  is  transformed  into  acetone 
(a  process  taking  place  but  to  a  slight  extent  normally).  This  acetone 
as  well  as  acetoacetic  add  and  in  more  severe  cases  )3-hydroxybutyric 
add  will  then  be  eliminated  to  varying  degrees  in  the  urine. 

The  relation  of  the  acetone  bodies  is  indicated  in  the  following 
scheme : 

CH,— CHOH— CH,— COOH  ()3-hydroxybutyric  acid) 

oxidAtioii   I  I  reduction 

CH»— CO— CH,— COOH  (acetoacetic  acid) 

I  lou  of  COt 

CHj— CO— CHj  (acetone) 

In  fasting  the  decomposition  of  fat  is  increased  due  to  the  lack  of 
carbohydrate  material  and  acidosis  develops.  The  same  holds  true 
for  a  carbohydrate-free  diet.  Apparently  also  fat  is  much  less  readily 
oxidized  in  the  presence  of  a  carbohydrate  deficiency. 

3.  HoBmiigci-Hiq>pert  Method. — Principle.— ThU  method  differs  from  the 
preceding  in  that  distillatioa  of  the  acetone  is  substituted  for  aspiration.  It  is  an 
arcurate  method  of  determining  acetone  and  diacetic  acid  together. 

Proctdwe. — Place  too  c.c.  of  urine  in  a  distillation  flask  and  add  a  c.c.  of  50 
per  cent  acetic  add.  Connect  the  fiask.  with  a  condenser,  properly  arrange  a  re- 
ceiver, attach  a  tenninal  series  of  bulbs  containing  water,  and  distil  over  about 
nioe-tenths  of  the  urine  mixture.  Remove  the  receiver,  attach  another,  and  sub- 
ject the  residual  portion  of  the  mixture  to  a  second  distillation.  Test  this  fluid  for 
acetone  and  if  the  presence  of  acetone  is  indicated  add  about  100  c.c.  of  water  to 
the  residue  and  again  distil.  Treat  the  united  acetone  distillates  with  t  c.c.  of 
dilute  (is  per  cent)  sulphuric  acid  and  redistil,  collecting  this  second  distillate  in  a 
glass-stoppered  flask.  During  distillation,  however,  the  glass  stopper  is  replaced 
by  a  cork  with  a  double  perforation,  the  glass  tube  from  one  perforation  passing 
to  the  condenser,  while  the  bulbs  containing  water,  before  mentioned,  are  attached 
by  means  of  the  tube  in  the  other  perforation.  .\How  the  distillation  process  to  pro- 
ceed until  practically  all  of  the  fluid  has  passed  over,  then  remove  the  receivittg 
fiask  and  insert  the  glass  stopper.     Now  treat  the  distillate  cMtSiiiVj  -wWi  ^<i  ^.1.. 
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of  a  N/io  solution  of  iodine  and  add  an  excess  of  sodium  hydroxide  sidution  (if-45 
c  c.  of  30  per  cent).  Stopper  the  flask  and  shake  it  foi  about  one  minute.  Add 
1-9  drops  of  concentrated  hydrochloric  add,  and  note  the  production  of  a  htown 
color  at  the  point  of  contact  if  an  excess  of  iodine  ia  presenL  In  case  there  ii  do 
such  excess,  the  solution  should  be  treated  with  N/io  iodine  solution  until  anexcoi 
is  obtained.  Retitrate  this  excess  of  iodine  with  N/io  sodium  thiosulphate  uln- 
tion  until  a  light  yellow  color  is  observed.  At  this  point  a  few  cubic  centimctcn 
of  starch  paste  should  be  added  and  the  mixture  again  titrated  until  no  blue  ookt 
is  visible.     This  is  the  end-reaction. 

Calculation. — Subtract  the  number  of  cubic  ceDtimeters  of  N/io  thio(a][ditlt 
solution  used  from  the  volume  of  N/io  iodine  solution  employed.  Since  i  cc  of 
the  iodine  solution  is  eqiuvalent  to  0.967  mg.  of  acetone,  and  unce  i  c.c  (rf  the  tliio- 
sulphate  solution  b  equivalent  to  i  c.c.  of  the  iodine  solution,  if  we  multiply  tbe 
remainder  from  the  above  subtraction  by  0.967  we  will  obtain  the  numbef  of  miUi. 
grams  of  acetone  in  the  100  c.c.  of  urine  examined. 

Calculate  the  quantity  of  acetone  in  the  twenty-foui^haur  urine  spedmen. 

Interpretation. — See  page  534. 

3.  Method  of  Scott-Wflson.'— Prxno/'/e.— The  urine  is  distilled 
with  acid  and  the  acetone  (preformed  and  from  acetoacetic  add  ty 


FlO.  168. — SCOTT-WlLSON  Appakatus. 

hydrolysis)  collected  in  an  alkaline  solution  of  basic  mercuric  ^anide. 
A  precipitate  of  keto-mercuric  cyanide  is  formed  according  to  the 
following  equation: 

CjH.O  +  2HgCCN)i  +  3HgO  =  COHgiC.N,  +  3H,0 

'J'he  precipitate  is  filtered  off  and  its  mercury  content  detennined  by 
titration  with  potassium  thiocyanate  solution.  The  method  is  adapted 
to  the  determination  of  acetone  in  small  amounts,  and  has  the  ad- 
vantage over  the  iodoform  method  that  it  is  not  affected  by  alcohol. 

Procedure. — The  apparatus  for  the  distillatioa  of  acetone  is  Mt  19  ai  in  A* 
illustration  (Fig.  t68).    Introduce  loa  c.c.  of  Qie  nonnal  urine  (n  a  laner  qun- 

'  Sco it-lVi!son:  Jour.  Physiol.,  ^i,  444,  iqii. 
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tily  at  an  sbnonnal  urine  high  in  acetone)  into  flask  A,  together  with  35  Enime 
anhjdroijs  sodium  sutpbale  and  i  cc  of  coacestrated  sulphuric  acid.  Tea  cc 
of  40  per  cent  Bodium  hydroxide  solution  are  placed  in  flask  C  and  10  cc.  or  more 
of  the  mercuric  cjanide  solution'  in  the  Erienmeyer  flaek  £,  the  tube  D  being 
arranged  so  as  to  dip  beneath  the  surface  of  the  reagent 

If  more  than  o^  ing.  of  acetone  is  present  in  the  amount  of  urine  taken,  the 
qtiantity  of  reagent  ahould  be  proportionately  increased.  It  is  desirable  to  make 
a  test  to  determine  the  approximate  amount  of  acetone  bodies  as  outlined  under 
the  Folin-Hart  method  (page  SJ4)-  Connect  up  the  apparatus  clo&ing  B  with  a 
glass-rod  plug,  and  light  the  burners  under  A  and  C.  The  sodium  hydroxide 
solution  in  C  must  boil  before  the  urine  in  A  as  otherwise  condensation  would 
t«k«  place  in  C.  Keep  the  hydroxide  solution  lust  at  the  boiling  point  and  aHow 
A  to  boil  briskly.  Note  the  first  appearance  of  turbidity  in  flask  E  and  distil  for 
five  minutes  from  that  time.  Remove  the  plug  at  B  and  extinguish  the  burners. 
Remove  tube  D  and  rinse  with  distilled  water  into  flask  E.  Allow  to  stand  for 
ten  minutes. 

Filter  off  the  precipitate  on  an  asbestos  mat  in  a  Gooch  crucible.  The  pores 
of  the  filter  should  have  been  partially  closed  by  filtering  a  suspension  of  talc 
through  it.  If  the  first  portions  of  the  filtrate  are  not  clear,  pass  them  through 
the  filter  again.  Transfer  any  precipitate  adherent  to  the  sides  of  the  flask  to  the 
filter  with  the  aid  of  water  and  wash  the  filter  Ihorougbly  with  water.  Transfer 
the  asbestos  and  precipitate  to  an  Erlenmeyer  flask  by  means  of  a  glass  rod. 
Any  precipitate  adherent  to  the  crucible  or  glass  rod  is  washed  into  the  flask  with 
a  jet  of  "add  mixture"  Cnitric  acid  40  parts,  sulphuric  add  5  parts  and  water  55 
parts).  About  10  c.c.  of  this  acid  mixture  should  be  used  altogether.  Then  add 
I  cc.  of  R/'s  potassium  permanganate  solution.*  Boil  until  the  brown  color  ^en 
by  flie  permanganate  has  completely  disappeared.  This  should  occur  in  one  to 
two  minutes  but  if  the  decolorization  occurs  more  rapidly  (a  few  seconds), 
insoiBcient  permanganate  has  been  added  and  another  cubic  centimeter  or  so 
shoaM  be  run  in  so  that  the  color  is  not  dispelled  on  two  minutes  boiling,  dear 
wtth  a  few  drops  of  yellow  nitric  acid. 

Cool  the  completely  decolorized  solution  under  the  tap  and  add  a  c.c.  of  a 
saturated  solution  of  ferric  alum.  Titrate  with  standard  potassium  thiocyanale 
solution*  until  a  brownish  tinge  appears  throughout  the  solution.  Care  sbould  be 
takea  with  the  end  point  as  the  addition  ofseveral  drops  after  the  end  point  has 
be«B  reached  will  not  perceptibly  darken  the  color. 

Calcubtion.— One  cc.  of  the  thiocyanale  solution  if  made  up  exactly  is 
equivalent  to  i  mg,  of  Hg  or  0.058  mg.  of  acetone.  Multiply  the  number 
of  cubic  centimeters  of  thiocyanate  used  by  its  equivalent  of  mercury  in  milli- 
grams and  by  0.038  to  get  the  amount  of  acetone  and  acetoacetic  add  (expressed 
as  acetone)  in  the  amount  of  urine  analyzed.  Calculate  the  daily  output  from  the 
X4-bour  volume. 

'StoU-Witum  Riaienl. — Dissolve  o,j  Rram  mercuric  cyanide  and  o  grams  (odJum  hy- 
droxide io  60  cc.  of  water  a[id  then  run  in  with  ooottant  stirring  ;occ  of  0.7268  percent 
•ilvec  Diirat«  lulution.  (The  tilver  nitrate  solution  is  made  by  taking  1  part  of  standard 
silver  nitrate  ulution  (t  c.c.  - 10  m^  NaCI}  and  j  parts  of  »aler.) 

*  Made  by  diwolving  6.314  %nimct  potauium  permangaontE  in  water  and  tnakinj  up 
to  •  liter. 

■  Make  is>  an  approximately  o.t  per  cent  solution  of  potasriuni  thiocyanate  and  (tand- 
ardiac  It  agalnat  mercuric  allnlc  or  ailver  nitnie-  ft  ts  oonvenient  to  have  (he  wlulioa 
of  aucfa  a  Mtenftb  that  1  cc  •>  i  mg.  of  Ug. 
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Interpretation. — See  page  534. 

Acetone 

Polin's  Method. — Principle. — The  preformed  acetone  is  aspirated 
from  the  urine  mixture  at  room  temperature  to  prevent  decomposition 
of  acetoacetic  acid.  The  acetone  is  collected  in  alkaline  hypoiodite 
solution  as  in  the  Folin-Hart  method  (page  533).  Iodoform  15  formed 
quantitatively  and  the  excess  of  iodine  is  titrated  with  sodium  thio- 
sulphate. 

Procedure. — ^The  same  type  of  Apparatus  U  used  in  this  method  as  thil 
described  in  Fotin'a  metiiod  for  the  detenniaation  of  ammonia  (aee  page  499). 
Introduce  20-^25  c.c.  of  the  urine  under  examination  into  the  aerometer  cjdindn 
and  add  lodropsof  10  per  cent  phosi^ioric  add,' 8--10  grams  of  sodium  chloride,' 
and  a  little  petroleum.  Introduce  into  an  absorption  flask,*  such  as  is  used  in  Che 
ammonia  detennination  (see  page  499),  150  c.c.  of  water,  10  c.c.  of  a  40  per  cent 
solution  of  potassium  hjdroxide,  and  an  excess  of  a  N/io  iodine  solution.  Cta- 
nect  the  flask  with  the  aerometer  cyUader,  attach  a  Chapman  pump,  and  pemiit 
an  air  current,  slightly  less  rapid  than  that  used  for  the  determinatioD  of  amnwmt, 
to  be  drawn  through  the  solution  for  20-25  minutes.  All  of  the  acebme  win,  it 
this  point,  have  been  converted  into  iodoform  in  the  absorption  flask.  Add 
to  c.c.  of  concentrated  hydrochloric  add  (a  volume  equivalent  to  that  of  the  stnnc 
alkali  origjnally  added),  to  Qie  contents  of  the  latter  and  titrate  the  excesi  d 
iodine  by  means  of  N/io  sodium  thiosulphate  solution  and  starch,  as  in  die  Het- 
singei-Huppert  method  (see  page  535). 

Folia  baa  further  made  suggestions  regarding  the  simultaneous  detemtinatioD 
of  acetone  and  ammonia  by  the  use  of  the  same  air  current.*  This  is  an  important 
coo^deration  for  the  clinidan  inasmuch  as  urines  which  contain  acetone  and  aceto- 
acetic add  are  generally  those  from  which  the  ammonia  data  are  also  desired.  The 
procedure  tor  the  combination  method  is  as  follows:  Arrange  the  ammonia  appar- 
atus as  usual  (see  page  499},  and  to  the  aerometer  of  the  ammonia  apparatus  attach 
the  acetone  appitratus  set  up  as  described  above.  Regulate  the  air  current  with 
special  reference  to  the  determination  of  acetone  and  at  the  end  of  20-35  minutes 
disconnect  the  acetone  apparatus  and  complete  the  determination  of  the  acetone 
as  just  described.  The  air  current  b  not  interrupted,  and  after  having  run  one 
and  one- half  hours  the  ammonia  apparatus  is  detached  and  the  ammonia  determina- 
tion completed  as  described  on  page  500. 

If  data  regarding  acetoacetic  add  are  desired,  the  result  obtained  by  Folia's 
method  may  be  subtracted  from  the  result  obtained  by  the  Messinger-Huppert 
method  (see  page  535),  inasmuch  as  the  latter  method  determines  both  acetone  and 
acetoacetic  add.  Under  alt  conditions  the  determination  of  acetone  should  be  as 
expeditious  as  possible.    This  is  essential,  not  ouly  because  of  the  fact  that  any 

'  (Jxalic  add  (0.1—0.3  gram)  may  be  substituted  if  desired. 

'  Acetone  is  insoluble  in  a  saturated  solution  ct  udium  diloride. 

'  I'lilin's  improved  absorption  tube  (see  Fig,  1 33,  if  $00)  ahould  be  used  in  thil  connec- 
tion inasmuch  as  the  original  type  embracing  the  use  01  a  rubber  stopper  is  unsatisfactory 
beeau5t;  of  the  solvent  action  of  alkaline  hypoiodite  on  rubber. 

'  These  detfrmi nations  may  even  be  made  on  the  samt  lample  of  urine  if  the  sample  b 
too  smsll  foe  lite  double  determinaUon. 
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tcetoacctic  acid  present  in  the  urin«  will  become  tmnsfoinicd  into  acetone,  but  aisv 
McauM  of  the  ra^d  spomancous  decoruposition  of  tlie  alkaline  hypoioditc  solution 
ned  in  the  del crmi nation  of  the  acetone.  It  hiu  been  claimed  that  alkaline  b}'p(>- 
iodite  solutions  arc  almoat  completely  converted  into  iodate  solutions  in  ont-kcif 
iotir.  Kolin  state*,  bowever,  that  the  traruformation  in  out  to  rapid  as  this,  but 
liCDcvcnbclcs&emphasizcj  the  ncccsMty  of  rapidit}- of  manipulation.  At  the  same 
Jme  Et  ibould  be  remembeced  that  liie  air  current  muHt  not  be  aa  rapid  ns  for  am- 
nonia,  inasmuch  as  the  alkaline  b)'poioditc  solution  will  not  absorb  all  the  acetone 
mder  ihoie  cowditions. 

p  InUrpretation. — Usually  about  onc-foucth  of  the  total  acetone  and 
LOetoaceiic  acid  excretion  is  in  the  form  of  acetone,  but  the  proportion 
wies  considerably.    Sec  Acetone  and  Acctoacctic  Add, 

P  I.  Potin-Hart  Method.— Arrange  (he  apparatus  as  described  under  the 
'oUo-Han  method  for  the  determination  of  acetone  and  aceloacetic  acid  (se« 
•ee  533).  Start  the  air  current  in  the  usual  way  and  permit  it  to  run  15  minutes 
rittiout  the  application  of  heat  to  the  urine  under  examination.  Under  these 
onditlODS  the  preformed  acetone  present  in  the  solution  is  all  removed  (see 
<age  5381.  Immediately  attach  a  freshly  prepared  absorption  bottie  or  intro* 
luce  fresh  alkaline  hypoiodite  solution  into  the  original  bottle.  Apply  beat  to 
he  large  test-tube  as  already  described  (see  page  533),  in  order  to  convert  the 
tc«to«cetic  add  into  acetone,  permit  the  air  current  to  continue  for  the  usual 
15-miautC  period,  and  determine  the  acetoacetic  add  ralue  in  terms  of  acetone 
>7  the  usual  tltrttion  procedure  (see  page  536). 


Acetoacetic  Acid 


i 


InttrpretaUon. — Ordinarily  about  three-fourths  of  the  total  acetone 
ind  acetoacetic  add  encretion  occur.<>  in  the  form  of  acetoacetic  acid, 
vhich.  however,  is  readily  transformed  into  ucetone  with  loss  of  carbon 
iioxide.    See  Acetone  and  Areloacetic  .Acid. 


» 


3.  PoUn-Messinger-Huppert  and  Folin-Scott-WUson  Method.  -Determine 
Ihe  combined  acetone  and  acetoacetic  add.in  terms  of  acetone,  by  the  Messinger- 
Supperi  method  or  the  Scott-Wilson  method  (see  pages  535  and  5361,  and  sub- 
lequenUy  determine  the  acetone  by  PoUn's  method  (see  page  538I.  Subtract 
Oie  value  determined  by  the  second  method  from  that  obtained  in  either  of  the 
Irst  two  methods  to  secure  data  regarding  the  acetoacetic  add  content  of  tbe 
urine,  in  terms  of  acetone. 


\ 


Acetone,  Acetoacetic  Add,  and  ^-Hydroxybutyric  Add 


I.  Mediod  of  Shaffer  an 
the  combined  acetone  an 
sample  of  urine  used  in 
The  preformed  acetone  am 


iott' — Principle.—'By  this  procedure 

etic  acid  is  determined  in  the  same 

rmination  of  jJ-hydro.\ybutyric  aCld. 

the  acetoacetic  acid  are  distilled  off  to- 


'  Stiailer  and  Marrioll:  Jour.  Biol.  Ckem  ,  (6,  jfiSi  '9>S- 
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gethcr  as  acetone  and  deteimiaed  by  the  iodine  titration  method. 
The  j9-bydrok,vbut>-nc  add  remains  in  the  residue  from  distiUatioii 
and  i&  oxidized  Iiy  means  of  potassium  bicbromate.  The  product 
oE  the  ojridiition  is  acetone  which  i.s  distilled  olT  and  determined  as 
such. 


Procedure. — ^DetenniaatiaD  of  Acetooe  and  Aceloacetic  Acid. — MMmn 
from  35-100  C.C.*  or  more  of  urine  (usually  50  c.c.)  with  a  pipette  Into  a  500  c.c 
volumetric  flask  containing  100-300  c.c.  of  water.  Add  basic  I«ad  accUti 
solution  (U.S.  P.)  in  Tolumc  equal  to  that  of  the  urine  UG«d*  and  mix  irelL  Add 
concentrated  ammonium  hj-dioitde  in  amount  equal  to  about  one^haU  thit  d 
the  lead  acetate  solution.  Dilute  the  contents  of  the  flask  to  the  mark  «i& 
water,  shake,  and  after  standing  a  few  minutes  Alter  the  Uquid,  preferaU; 
Umttsfa  a  ftdded  Alter.  Measure  100  c.c.  of  the  filtrate  into  a  round  bottto 
flask  (800  c.c.  or  liter  Kjeldahl  flnsks  are  convenient}  dilute  with  water  to  tbM 
600  c.c.  and  add  isc.c.of  concentraled  sulphuric  acid  and  a  little  talc  or  a  boilint 
stone.  Distil  until  about  20a  c.c.  of  distillate  have  been  collected.  The  tube 
of  the  condenser  should  dip  beneath  the  surface  of  the  water  in  the  receiriai 
ftsKk  so  that  no  loss  of  acetone  will  occur.  The  distillinK  flask  must  abo  be 
fitted  with  a  dropping  tube  or  dropping  funnel  so  water  may  be  run  in  (romtiau 
to  time  and  the  volume  of  liquid  in  the  flask  kept  from  becoming  Iws  flm 
400-500  cc.  A  good  condenser  should  be  used,  but  it  is  not  necessair to  ood 
the  distillate  in  ice. 

The  distillate  thus  obtained  is  transferred  (o  a  second  Kjeldahl  flask  lai 
10  c.c.  of  10  per  cent  NaOH  added.  It  is  tlien  redistilled  for  about  10  minalM;' 
This  second  distillate  is  then  titrated  with  standard  iodine  and  tbiosu^bttt 
solution  as  in  the  method  for  acetone  and  acetoacetic  acid  previoasljr  pja 
(see  Messinger-Huppert  method,  page  535),  and  the  calculation  made  In  Hit 
same  way.  The  result  gives  the  combined  acetone  and  acetoacetic  acid  conttot 
of  the  urine  expressed  as  acetone. 

Determination  of  the  s- Hydroxy  butyric  Add. — The  flask  containing  tbt 
residue  from  the  first  distillation  above  is  used  in  the  determination  of  the 
j9-hydrozybutyTic  acid.  A  new  receiver  is  arranged  as  before  with  the  tip  fnoi  tbe 
couden&er  dipping  beneath  the  surface  of  the  water.  Tbe  distidatioii  it  tiua 
continued  and  water  added  whenever  necessary  to  keep  the  vohiffle  betVHS 
400  and  600  cc.  A  dilute  solution  (i  per  cent}  of  potassium  bichromate  is  addel 
during  the  distillation.  At  first  10  c.c.  of  this  i  per  cent  solution  is  added  stoi^ 
through  the  dropping  tube  and  then  to  c.c.  portions  every  15-10  minutes  oolil 

*  The  oraouot  u«ed  depend*  upon  the  expected  yield  of  ^oiybutyric  acid.  la  thtcM 
of  uHnrs  nhich  give  n  slrona  feme  chloride  reaction  for  diacctic  Rcid,  01  when  5-topvB 
or  more  dI  d-oxybutyric  add  is  expected,  it  is  unncc«surjr  to  um  mote  than  15-so  cctt 
uiioe.    UoKevcr.incueonly  a  trace  of  ^oxybutyric  acid  I*  expected,  the  volsiiMihouUI* 


much  Uiget  a*  indicated,     tjndcr  all  rooditin 
cate  delcrnuQations.     It  Is  de»irable  to  ti«e  bUi 
■mount  of  (i-oxybutyric  acid  to  yield  is-jo 

■  If  the  urine  containt  but  little  or  no 
should  br  uatd. 

'  In  many  instances  when  a  hixli  ileRreo  of 

mny  be  ncnitted  and  the  fi«t  diitillate  titrated  ,  _   __ 

tliiihiiy  lujthcr  thiin  lho»e  after  TcdistUlatioD  from  alkiJl.    The  object  of  the  iwBrtilbtiM 
it  to  get  rid  of  fatty  addt  oi  wUch  toin^  acid  {t  one  o(  the  mo»t  EroubleMme. 


amount  spcdSed  is  niffident  (<u  i^ 
lumc  of  urine  as  contaim  the  pro^ 
.one. 
the  amount  or  l«u  ol  lead  antilt 

is  not  itquirrd  thi*  rrditti*'** 
tly.    The  rctults  ao  obtalMd 
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the  whole  tuis  been  added.'  Should  the  liquid  become  markedly  green  the 
bichromate  must  be  added  at  correspondingly  shortcT  intervals  and  in  amount 
suffldeol  to  maintain  a  slight  red-yellow  color  of  the  chromic  acid  which  may  be 
detected  even  ia  the  presence  of  the  green.  Continue  the  distUlatian  with  moder- 
ate boiling  for  from  two  to  three  hours.  The  distillate  which  should  be  collected 
in  a  liter  flask  to  avoid  transference  is  again  distilled  for  about  lo  minutes 
after  adding  lo  c.c.  of  lo  per  cent  sodium  hydroxide  and  35  c.c  of  3  per  cent 
hydrogen  peroxide.  The  (task  must  be  heated  cautiously  until  the  peroxide  has 
been  decomposed.  This  final  distillate  is  titrated  with  standard  iodine  and 
thiosulphate  in  the  usual  manner  (see  page  5j6;  and  the  result  expressed  as 
hydroxy  butyric  acid.  One  c.c,  of  N/10  iodine  solution  is  equivalent  to  1,736 
mg.  of  hydroxybutyric  add.  One  c.c.  of  the  1.035  N/'io  Iodine  which  is  recom- 
mended for  acetone  titrations  is  equivalent  to  1.793  nig.  of  hydroxybutyric  add. 
About  10  per  cent  should  be  added  to  the  results  for  fi-hydrozybutytic  acid  as 
obtained  by  this  method  as  the  yield  of  acetone  is  only  about  90  per  cent  of 
the  theoretical.  This  error  appears  to  be  practically  constant,  so  that  satisfactoij 
results  may  be  obtained  by  correction. 

/n/cr^f  (a(ioK.^(J-lIydroxybutyric  acid  may  occur  in  normal  human 
urine  to  the  extcul  of  20-30  mg.  per  day.  In  fasting  or  on  a.  carbo- 
hydiatc-frce  diet  \'ery  large  amounts  may  be  excreted  (up  to  30  grams 
per  day).  In  se\-ere  diabetes  melUtus  the  largest  amounts  are  found. 
Excretions  of  50  or  even  100  grams  or  over  per  day  h.ive  been  noted. 
It  is  always  present  in  the  urine  when  large  amoimts  of  acetone  arc 
present.  In  severe  diabetes  it  is  usually  the  most  abundant  of  the 
acetone  bodies  making  up  from  60-80  per  cent  of  the  total.  The 
ratio  is.  however,  by  no  means  constant  and  it  should  be  borne  in  mind 
that  in  rare  cases  large  amounts  of  ^-hydroxj'butyric  acid  may  be 
eliminated  although  the  acetone  excretion  is  very  low.    (Sec  Acetone 

and  AcctoaLftic  .Vcid,) 

3.  Nephelometric  Methods  for  Acetone,  Acetoacetic  Acid,  and 
^-Hydroxybutyric  Acid.^ — Folin  and  I>eni.s'  have  suggested  nephelo- 
metric methods  lor  the  determination  of  the  acetone  bodies  in  urine. 
The  methods  arc  similar  to  those  used  by  Marriott  for  blood  analysis 
(see  Chapter  XVI)  but  the  air  current  is  used  instead  uf  distillation. 


l?-Hydrorybutyric  Acid 

1.  Black's  Method,— PriHci^/c— The  urine  b  mixed  with  plaster 
of  Paris  to  form  a  coarse  meal  and  extracted  with  ether  to  obtain 
the  hydroxybutyric  acid  which  is  then  determined  by  means  of  the 
polariscopc. 

'  From  o.f  iirain  to  t  mm  of  bll^ramate  w91  luuilly  br  «tiliidcnt,  and  not  more  than 
I  gnm  tbould  be  addca  unless  the  liquid  lumti  icrcen  indiciitiiiit  a  k^M  reduction  to 
ckramiuB  lulpliate.  Very  nirelv  i  or  3  grams  of  biduvmate  may  be  neccwoiy,  especially 
If  the  fugar  has  not  been  compUtdy  removed. 

■  Folia  and  Denit:  /umr.  Biol,  Cirm.,  t&.  163,  1914. 
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Procedtiie.— Render  50  c.c.  of  the  urine  nnder  exiunination  faintly  elkiJioa 
with  sodium  carbonate  and  evaporate  to  one-third  the  ori{jnat  volume.  C«o- 
centntte  to  about  10  c.c.  on  a  water-bath,  cool  the  residue,  acidify  it  with  a  lev 
drops  of  concentrated  hydrochloric  add'  and  add  plaster  of  Paris  to  fono  ■ 
thick  paste.  Permit  the  mixture  to  stand  until  it  begins  to  "set,"  then  break 
it  up  with  a  stout  glatii  rod  baring  a  blunt  end  and  reduce  the  material  to  the 
consistency  of  a  fairly  dry  coarse  meal.'  Transfer  the  meal  to  a  Sozhlet  appi- 
ratns  and  extract  with  ether  for  six  to  ten  hours.  At  the  end  of  this  petM 
«Taporate  the  ether-extract  either  spontaneously  or  tn  an  air  current.  Dlstoln 
the  residue  in  watert  add  a  Uttle  boneblsck,  if  necessary,  Alter  until  a  cktt 
solution  is  obtained  sod  make  up  the  fittnte  to  a  known  volume  1 15  cc.  or  ini 
with  water.  The  ,d- hydroxy  butyric  acid  should  then  be  determined  by  meant  of 
the  polariscope.    Its  qwci&c  rotation  is  —24.13. 

This  methud  is  satisfactory  where  the  amount  of  hydroxybu^ric 
add  present  i-s  not  too  small.  Errors  due  to  incomplete  extraction  of 
the  acid  are  partly  counterbalanced  by  the  extraction  of  otber  W> 
rotatory  jiibstunces. 

IntcrprrtctioH.—  Sec  page  541. 

2.  Method  of  Schaffer  and  Marriott. — See  page  539. 

^  Indican 

Blinger's  Method.— /'riw(i>/i'.— This  method  for  the  quantiuiivt 
determination  of  Jndican  is  based  upon  the  principle  underlying  jafie's 
qualitative  test  for  indican.  The  urine  after  removal  of  interfciisf 
substance*  with  basic  lead  acetate  is  treated  with  Obermayer's  re^enl 
to  oxidize  the  indican  to  indigo.  The  indigo  is  extracted  with  cbloco- 
form,  the  chloroform  evaporated  off  and  the  residue  titrated  wilt 
potassium  permanganate.  The  method  is  not  very  accurate  but  is  w 
satisfactory  as  any. 

Procedure.  -  To  50  c.c.  of  urine'  in  a  small  beaker  or  casserole  add  s  ^^ 
of  basic  lead  acetate  solution,'  mix  tborouchly,  and  filter.  Transfer  40  c.col 
the  fUtrste  to  a  separatory  funnel,  add  an  equal  volume  of  Obermayer's  retpnl 
(see  page  j8S)  and  10  c.c.  of  chloroform,  and  extract  in  the  usual  maimer.  TlB 
extraction  with  chloroform  should  be  repeated  until  the  chloroform  solsliaB 
remains  colorless.  Shake  up  the  combined  chloroform  extracts  two  or  (hnt 
times  with  distilled  water  in  a  separating  funnel  and  complete  the  puriflcaliM 
by  extracting  with  very  dilute  sodium  hydroxide  (i:  loooi.  Remove  all  tncei 
of  alkali  by  washing  with  water.  Now  filter  the  combined  chloroform  extntd 
through  a  dry  filter  paper  into  a  dry  Erlenmeyer  flask.  Distil  off  the  cUoce- 
(orm,  heat  the  residue  on  a  boiling  water-bath  (or  five  minutes  in  the 

'  The  K-»idue  sliould  i;iv«  u  dittlnd  red  colin  «Ui  ti(tnu»  piiptr. 

'  Before  tbi*  u  ncoompliibed  it  may,  in  lomc  caln,  be  nec«Mary  to  add  a  liltk  1 
pliiil«r  of  Pnris. 

'  H  the  urine  under  eiamliialioii  i»  oruttal  or  »lkallnr  In  ttMtloa  it  nay  be  miilt 
/nincly  acid  uitli  acetic  acid  bdorc  adding  Uic  basic  lead  aceiale. 

'  Foi  preparaiioo  ol  basic  \ead  vXjCk  wiVu^n  wc  K^pfss^x. 
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Bask,  and  wasii  the  dried  residue  wiih  hot  water.'  Add  lo  cc  of  concentrated 
nilpburic  add  (a  the  washed  residue,  heat  on  the  wator-bath  for  five  to  ten 
miautes,  dilute  with  too  cc.  of  water,  and  titrate  the  blue  solution  with  a  vefj 
dUute  solution  of  poUssium  permanganate.'  The  end  potnl  is  indicated  by  the 
diSRipntion  of  all  the  blue  color  from  the  solution  and  the  tonnation  of  a  pale 
yellow  color. 

Beautiful  plates  of  indigo  blue  lometimeE  appear  in  the  chloroform  extract 
of  urines  containing  abundant  indican.  In  urines  preserved  by  thymol  the 
determination  of  indican  is  interfered  with  unless  great  care  is  taken  in  washing 
the  chloroform  extract  with  dilute  alkali.  Care  should  be  Uken,  therefore,  to 
make  the  indican  delermination  upon  fresh  urine,  before  the  addition  of  the 
presenrative. 

PlasencLa'  has  suggested  a  method  which  is  shorter  than  EUinger's  and  ac- 
cording to  its  sponsor,  just  as  accurate. 

Calculation.  —One  cubic  centimeter  of  the  diluted  permangauale  solution 
is  equivalent  to  about  0.15  mg.  of  indigo.  EUinger  claims  that  one-sixth  of  die 
amount  determined  must  be  added  to  the  vahie  obtained  by  titratioo  in  order  to 
Becure  accurate  data.    This  correction  should  always  be  mad«. 

InUrprelaUon. — l-'rom  4-J0  mg.  of  iiulicaii  are  excreted  per  liay  by 
□onnal  men.  In  normal  individuals  the  variations  arc  dependent 
mainly  upon  the  diet.  A  meat  diet  increases  the  indican  excretion, 
while  a  milk  or  carbohydrate-rich  diet  decreases  it.  Pathologically 
the  greatest  increases  are  found  in  disorders  involving  increased 
putrefaction  and  stagnation  of  intestinal  contents.  Bacterial  de- 
composition of  body  protein  a*  in  gangrene,  putrid  pus  formation,  etc, 
gives  rise  to  increases. 

Phenols 

■  Colorimetric  Method  of  Folin  and  Denis.* — Principle.— "Dnii  method 
is  based  upon  the  fact  that  phenols  jicid  with  a  solution  of  phospho- 
tungatic-phosphomolybdic  acid  and  alkali  a  deep  blue  color  the  depth 
of  which  is  proportional  to  the  amount  of  such  suhstinccs  present. 
Traces  of  protein,  which  inuy  be  present  in  the  urine,  and  uric  add 
give  a  blue  color  nith  the  reagent  and  are  removed  by  precipitation 
with  an  ammuniucal  silver  solution  and  colloidal  iron  as  a  preliminary 
to  the  determination  of  the  phenols. 

Procedure. — Removal  of  Interfering  Substances.  Place  10  c.c.  of  ordinary 
uiina,  or  ao  cc  of  a  dilute  urine  in  a  50  cc  volumetric  flask.    To  this  add  an 

*  The  washing  should  be  continued  ontil  the  wu^h  water  ii  no  longer  cnlorcii.  Ordi- 
lurily  two  or  three  wsshinitt  arc  tulticicol.  11  n  fcpnr^iion  of  indlit"  purliclrt  taken  pU<e 
ihlriDIt  the  trashlnic  pracrst,  the  wash  water  sbould  be  lillcrcJ,  the  iu'iij^  eilriii.-(ril  with 
chlorofotm,  anil  the  usun!  method  applied  ironi  this  point. 

'  \  "ilock  solution  "  of  itotaasium  pernmnsnnnlc  tontaining  j  grjnis  jier  liter  thould  be 
prepsrtd,  und  when  needed  fur  liltalion  purpoMa  ■  luitable  volume  of  ihin  Mlulioii  should 
be  diluted  with  40  volume*  of  water.  The  potiutiuoi  permsognnate  solution  may  be 
ttandardixed  with  piiie  IndJKO. 

'  PiMcncia;  Kenilu  de  MtJiciiM  y  Cirutia.,  17,  i,  tgii. 

•  Folin  and  Demi;  J.  Hiol.  Chtvi..  33,  305^4^15. 
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add  silver  Uctate  solution  (from  a  to  lo  cc.  of  a  3  per  cent  solutioa  of  sUrer 
lactate  in  3  per  ceot  lactic  acid)  until  no  further  precipitate  is  obtained.  Add 
a  few  drops  of  colloidal  iron,  shake  the  flask,  dilute  to  mark  with  distilled  water, 
shake  again,  and  filler  the  contents  through  a  drr  filter.  Phenols  are  not  pi«< 
cipitated  b;  this  procedure  but  ero  recovered  quantitatively  in  the  filtrate.  Tnu- 
(er  35  cc.  of  the  filtrate  to  a  50  cc.  volumetric  flask,  and  add  a  sufficietit  quaatitjr 
of  saturated  sodium  chloride  sohitioD,  coDtaioing  10  cc  of  stionx  hydrochloric 
add  per  liter,  to  predpitate  all  the  silver.  Fill  the  flask  to  the  mark  with  dis- 
tilled water,  mix  thOTougUr,  and  filter  through  ■  dry  filter.  This  filtrate,  wlucb 
conltiDs  half  the  phenol  from  the  urine  taken  for  analysis,  is  used  for  the  deter- 
miaation  of  free  and  total  phenols. 

Free  Phenols. — Place  30  cc  of  the  filtrate  mentioned  above  in  a  50  cc 
volumetric  flask,  add  5  cc.  of  the  pbospfao  lungs  tic  •phosphomolybdic  add  re- 
agent' and  15  cc  of  a  saturated  solution  of  sodium  carbonate.  Dilute  to  vohmie 
with  luke  warm  water  (30-35X.),  ciiz  thoroughly  and  after  allowiog  to  stani 
for  10  minutes  compare  the  deep  blue  color  in  the  Doboscq  ColodAetar  (Me 
Fig-  153,  page  486)  against  a  standard  solution  of  phenol  (see  betow)  sibiIUi); 
treated. 

Total  Phenols  (Free  and  Conjugated).— Place  20  cc  of  the  same  filtnu 
used  for  the  detenntnation  of  free  phenols  in  a  large  test-tube,  add  10  dropi 
of  concentrated  hydrochloric  add,  cover  the  tube  with  a  small  funnel,  heat 
rapidly  to  boiling  over  a  free  flame,  and  then  place  in  a  bolting  water-batli 
for  ten  minutes.  This  process  serves  to  decompose  the  conjugated  pbeaab. 
At  the  end  of  the  ten  minutes,  remove  the  tube,  cool,  and  transfer  the  contentl 
to  a  100  cc.  volumetric  flask.  Add  10  cc  of  the  phosphotnngsttc-ftbofylio* 
molybdic  reagent,  25  cc.  of  saturated  sodium  carbonate  solution,  dilute  to  auA 
with  luke  wann  water  (jo-ss'C),  mix  thoroughly,  allow  to  stand  for  20  minntWi 
and  read  in  the  Duboscq  colorimeter  (see  page  486)  against  a  standard  soJatiaa 
of  phenol  (see  below). 

Standard  Sclulton  of  PhettoL— The  standard  used  U  a  solution  of  pure  pbml 
in  Nyioo  hydrochloric  add  oontaintiig  i  mg.  of  phenol  in  10  cc,  alandanUied  by 
means  of  the  iodometric  titration.  The  preparation  is  carried  out  as  f<^ws:  Mate 
a  phenol  solution  in  N/io  hydrochloric  add,  trhlch  contains  approximatdy  ■  tag.  <t 
crystallised  phenol  per  cubic  centimeter.  Transfer  3$  ex.  of  this  solution  to  > 
350  cc  llasic,  add  50  cc.  of  N/'  10  sudiuin  hydroxide,  beat  to  65'C.,  add  15  cjc  d 
N/io  iodine  solution,  stopper  the  flask,  and  let  stand  at  room  temperature  30  or 
40  minutes.  Add  5  cc  of  concentrated  hydrochloric  add  and  titrate  the  ettsn 
of  iotiine  with  N/io  thiosulphatc  solution.  Each  cubic  centimeter  of  X/io  iocEu 
solution  corresponds  to  1,56;  mg.  of  phenol.  On  the  basis  of  the  result  dilute  ti* 
phenol  ulution  so  thnt  10  cc  cont<iin  i  mg.  of  phenol.  Five  cc.  of  this  Mhitioa 
(equivalent  to  0.5  mg.  of  phenol),  when  10  cc.  of  the  phosphotungstic  pbocfifo- 
molybdic  reagent  and  35  cc.  of  saturated  sodium  carbonate  solution  are  added,  ud 
the  whole  made  up  with  water  ac  about  30*C.  to  100  cc,  give  when  act  in  the 
colorimeter  at  so  mm.  a  convenient  standard. 

Calculation. — The  filtrate  used  for  the  determination  of  free  and  total  fheattt 

'This  tcagcDt  i*  prcpdred  u  follous:  BoiJ  log«ther  for  two  hourx  (uf>ing  a  ttiuzv* 
denser)  100  crams  of  sodium  tunsuate,  soKramsaf  pluMpbomulybdlc  add  <<iianeqi^ 
lent  of  mdybdic  odd],  50  cc.  of  phoiphoric  add  (S;  per  ceoL),  and  75  c.c  of  iSit3M 
s-xicr.    AUti  the  period  of  beating,  cool,  dilute  to  1  Tiler  vith  dbttUcd  mtcr,  oad  flW 
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'■""tf'""  tti«  ^enols  from  oae-half  die  umouot  of  urine  analyzed.  The  actual 
detenninatioii  of  phenols,  both  free  and  total,  is  made  upon  a  two-fifths  portion 
of  tliia  filtrate  and  this  amount  of  filtrate  contains  the  phenols  from  one-fifth 
of  flie  amount  of  urine  analyzed.  In  the  determination  of  free  phenols  the  colored 
solution  is  dihited  to  <mly  half  that  of  the  standard  while  in  the  detennination 
of  total  phenols  the  dilution  is  the  same  as  that  of  the  standard. 
Htticei 

—    '  —  =  milligrams  of  free  phenol 
R]  X  4 


and 

R. 


RiXa 


milligrams  of  total  phenol 


in  3  G.c  (ff  4  cc  ot  urine  according  U>  whether  lo  c.c.  or  ao  c.c  of  urine  was 
taken  for  analysis,  when  Ri  is  taken  as  the  reading  obtained  mth  the  standard 
solution,  and  Rt  is  taken  as  the  reading  obtained  with  the  unknown. 

InierpretaHon. — By  this  method  total  phenol  excretions  of  from 
0.2-0.5  grani  per  day  have  been  noted  in  normal  individuals.  These 
results  are  much  higher  than  figures  previously  obtained  by  other 
methods.  The  free  phenols  varied  from  0.1-0.3  gram  per  day.  The 
total  phenol  excretion  appears  to  vary  directly  but  not  proportionately 
■with  the  protein  intake.  The  amount  of  conjugated  phenol  indicates 
the  extent  to  which  the  phenols  have  been  detoxicated.  The  excretion 
of  phenols  is  increased  in  gastro-intestinal  disorders  associated  with 
increased  putrefaction.  It  is  increased  by  the  ingestion  of  phenols  or 
of  benzene. 

Oxalic  Acid 

SalkowsU-Autenfieth  aoii  Barth  Method.— Frinci^. — The  oxaLc  add  is  pre- 
dpitsted  by  means  of  CaCU.  From  the  solution  of  this  precipitate  in  hydrochloric 
add  the  oxalic  add  is  extracted  with  ether  and  repredpitated  as  calcium  oxalate. 

Procedure. — Place  the  a4-hour  urine  specimen  in  a  predpitating  jar,  add  an 
excess  of  caldum  chloride,  render  the  urine  strongly  ammoniacal,  stir  it  well,  and 
allow  it  to  stand  iS-20  hours.  Filter  off  the  precipitate,  wash  it  with  a  small 
amount  of  water  and  dissolve  it  in  about  30  c.c.  of  a  hot  15  per  cent  solution  of 
hydrochloric  add.  By  meaus  of  a  separatory  funnel  extract  the  solution  with  150 
c.c.  of  ether  which  contains  3  per  cent  of  alcohol,  repeating  the  extraction  four  or 
five  times  with  fresh  portions  of  ether.  Unite  the  ethereal  extracts,  allow  them  to 
stand  for  an  hour  in  a  fiask,  and  then  filter  through  a  dry  filter  paper.  Add  5  c.c. 
of  water  to  the  filtrate,  to  prevent  the  formation  of  diethyl  oxalate  when  the  solu- 
tion is  heated,  and  distil  ofi  the  ether.  If  necessary,  decolorize  the  liquid  with 
animal  charcoal  and  filter.  Concentrate  the  filtrate  to  3-5  c.c,  add  a  little  caldum 
chloride  solution,  make  it  ammoniacal,  and  after  a  few  minutes  render  it  slightly 
add  with  acetic  add.  Allow  the  acidified  solution  to  stand  several  hours,  coUecL 
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llic  precipitate  of  calcium  oxiUtc  on  a  washed  Dltcr  papcf ,' wash,  tndneratcstnx^ 
(to  CaO).  and  weigh  in  ihe  usuaJ  manner. 

CaUutalioti.—iinoi  56  i»iU  of  CaO  are  equivalent  to  90  partsol  oxalic  adi^ 
tbc  quaxiiity  oi  oxalic  acid  in  the  volume  of  urine  lalcen  may  be  delcnninml  if 
mulliplying  the  n't:isht  of  CaO  by  the  factor  1.6071. 

Ini/TprrMioH.- -¥ion\  15-30  mg.  of  oxalic  add  arc  excreted  by  a  notmal  ididl 
on  au  otdindtry  mixed  diet.  It  ariaei  from  ouklcd  of  the  food  ingested  and  itvm 
fat  and  protein  metnboli&m.  It  is  increased  by  the  ingestion  of  apples,  papo, 
cabbage,  etc.,  although  most  of  the  ingested  oxalate  Is  destroyed.  It  is  tnctninl 
in  disturbance*  of  metabolism  oMociatcd  with  decrMuwH  oxidation,  accoedieg  U 
certain  observers.     The  term  "oxaluria"  has  been  largely  a  mi&nomcr. 


Sulphur 
(a)  Gravimetric  Procedures 


I.  Total  Sulphates.— Fo/ifi 'i   Melhod.— Principle.— The  suipbak 
jdd  of  the  conjugated  sidphule^  is  scl  free  by  boiling  with  acid.    The 
)tal  sulphates  arc  then  precipitated  with  barium  chloride. 

Procedure.  Place  15  c.c.  of  urine  in  a  300-150  c.c.  Erlenmeyer  flask,  tU 
10  c.c.  of  dilute  hydrochloric  acid'  (t  volume  of  concenliated  HCl  to  4  vohunesd 
water)  and  gently  boU  the  mutture  for  30  30  minutes.  To  minimize  the  loss  of 
water  by  evaporation  the  mouth  of  the  flask  should  be  covered  with  a  small  waich 
glass  during  Ihe  boiling  process.  Cool  the  flask  for  1-3  minutes  in  running  wittr, 
and  dilute  the  contents  to  about  150  c.c.  by  means  of  cold  water.  Add  10  cc 
of  a  5  per  cent  solution  of  barium  chloride  slowly,  drop  by  drop,  to  the  cold  soln- 
tion.*  The  contents  of  the  flask  should  not  be  stirred  or  shaken  during  the  addi- 
tion of  the  barium  chloride.  Allow  the  mixture  to  stand  at  feast  one  hour,  Art 
shake  up  the  solution  and  filler  it  tlirough  a  weighed  Gooch  crucible.* 

Wash  the  precipitate  of  BaSOi  with  about  350  c.c.  of  cold  water,  dry  it  iuiB 
air-batb  or  over  a  very  low  flame,  then  ignite.*  cool  and  weigh. 

Calculation. — Subtract  the  weight  of  the  Gooch  crucible  from  the  weight  of 
the  crucible  and  the  BeSO<  percipitate  to  obtain  the  weight  of  the  precipitiie. 

'  ScUeichBr  and  SchUU,  No.  $&<).  is  lalisfaelor}-. 

■  If  it  is  deured;.  $0  c.c.  of  iirinc  nnd  4  c.c.  of  concentrattd  odd  mav  be  ut«d  hutsd 

'  A  dropper  or  cupillary  fuunel  made  irom  an  ordinary  calcium  chlofide  tube  aad  i> 
coastrucleu  as  to  deliver  10  C-C.  in  j-3  minutei  is  recommended  for  ox  to  adding  the  badw 
chloride. 

*  If  a  Goocli  crucible  Is  not  available,  the  precipitate  of  BtSOt  may  b«  filtered  off  upee 
a  wa^ed  filter  paper  <Schlcicber  &  Sdittll's.  No.  JS9,  blue  ribbon),  aad  after  muhia^  ik 
prnctpitatc  with  about  1  jo  c.c.  of  tM  water  the  paper  nnd  precipitate  nay  be  dried  ID  u 
air-bath  or  over  a  low  flame  The  iitnitlon  may  then  be  carrird  out  in  the  usual  waylnlbt 
ordinary  platinum  or  porciLiin  crucible.  In  this  case  coneciioa  must  be  made  (or  iIk 
weight  of  the  nidi  of  the  tillci'  paper  uicil. 

*Caie  must  be  tnken  iu  the  iKnltion  of  preci|>itntn,  in  Gooch  crucibles.  The  fUine 
should  never  be  applied  direcllv  to  the  firr/oraltti  bottom  or  to  the  sidea  of  the  crucible,  ana 
such  oianipulation  h  inv.kilihly  attended  by  mcchnnicol  losses.  The  crucible*  shooU 
alwa^bepriDvIded  wiih lidi  audHski  kiilumi  durinK  theinniiion-  lo  case  purtclaJa  (!ood 
cruabfe*.  whose  bottom»are  not  provided  *illi  a  noii-pedorated  Cap,  are  used,  the  crudWc 
may  be  plnred  upon  Ihr  Hd  nf  nn  ordinary  ptntinum  crudble  daring  ignitton.  HeH 
should  be  supported  uu  a  tiianKle,  the  crucible  placed  u^coi  the  lid  and  the  dame  sifdM 
to  the  iaiprovucd  bottom.  Ignition  should  be  complete  n  10  minute*  if  no  organic  natlir 
J)  present. 
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Tile  weight  of  SO.'  in  the  volume  of  urine  taken  rosy  be  determined  by  means  of 
the  following  proportion. 

»Mol.  Wt.        Wt.  o(         MqI.  wt. 
BiaSOi:BftSOt::SOi:s(wt.  of  SO.  in  grams). 

Representing  the  weight  of  the  BaSO,  precipitate  by  y  and  substituting  the  proper 
molecular  weights,  we  have  the  following  proportion: 

I>33-43  -J-'  80.06  :  z  (wt.  of  SOi  in  grams  in  the  quantity  of  urine  used). 
Cakutate  the  quantity  of  SOi  in  the  twenty-four-hour  specimen  of  urine. 
To  express  the  result  in  percentage  of  SOi  simply  divide  the  value  of  x,  as  just 
determined,  by  the  quantity  of  urine  used. 

Interpretation.- — The  tola!  suiphale excretion  (ethereal  and  inorganic 
sulphates)  by  a  normal  adult  on  a  mixed  diet  is  usually  between  1.5  and 
3.0  gram  of  SOj  with  an  average  of  about  3.0  gram.  The  sulphuric 
add  is  derived  but  to  a  slight  extent  ordinarily  from  ingested  sul- 
phates, being  miiinly  dependent  on  the  sulphur  of  the  protein  ingested 
and  will  consequently  vary  widely  with  the  protein  content  of  the  diet. 
From  75  to  95  per  cent  of  the  total  sulphur  of  the  urine  is  ordinarily 
foutid  as  sulphate,  the  proportion  being  greatest  on  a  high  protein  diet. 
The  sulphate  excretion  is  increased  in  all  conditions  associated  with 
increased  decomposition  of  body  protein  as  in  acute  fevers  and  de- 
creased whenever  there  is  a  decrease  in  metabolic  activity. 

3.  Inorganic  Sulpha tes.^Folin's  Method. — Place  25  c.c  of  urine  and  100 
cc.  of  water  in  a  aoo-350  c.c.  Eilenmeyer  flask  and  acidify  the  diluted  urine 
with  10  c.c.  of  dilute  hydrochloric  acid  (i  volume  of  concentrated  HCI  to  4  vol- 
umes of  water).  In  case  the  urine  is  dilute  50  c.c.  may  be  used  instead  of  15  c.c. 
and  the  volume  of  water  reduced  proportioaalely.  Add  10  c.c.  of  5  per  cent  bar- 
ium chloride  slowly,  drop  by  drop,  to  the  cold  solution  and  from  this  point  proceed 
as  indicated  in  the  method  for  the  determination  of  Total  Sulphates,  page  546. 

Calculate  the  quantity  of  inorganic  sulphates,  expressed  as  SOi,  in  the  twenty- 
four-hour  urine  specimen. 

Calculation.  -Calculate  according  to  the  directions  given  under  Total  Sul- 
phates, above. 

Interpretation. — On  an  average  about  90  per  cent  of  the  total  sul- 
phates of  the  urine  exists  as  inorganic  sulphates  but  the  proportion 
of  the  sulphates  existing  in  this  form  vanes  widely,  being  greater  on 
a  high  protein  diet  than  on  a  very  low  protein  diet.  The  amount 
varies  with  the  total  sulphates  (which  see). 

3.  Ethereal  Sulphates.— Folin's  Method. — Principle. — The  inorganic  sul- 
phates are  removed  with  barium  chloride  and  the  conjugated  sulphates  then 
determined  after  hydrolysis. 

Procedure.— Place  is;  cc.  of  urine  in  an  Erlenmeyer  flask  of  suitable  size, 

*  It  is  coDudcicd  ptcfcrtble  by  many  invefiigaioi's  to  cxpteu  all  sulphur  viilatt.'mUaa& 
of  S  rather  than  SO>. 
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dilute  it  with  75  c.c.  of  water  and  AddUy  the  mixture  with  30  c.c.  of  dihite  hydro- 
chloric acid  ()  Tolume  of  concentraled  HCI  to  4  volumes  of  water).  To  the  cM 
sohition  add  10  c.c.  of  a  5  per  cent  solutjon  of  bariitm  chloride,  drop  by  drojL' 
AUow  the  mixture  to  sUnd  about  one  hour,  then  filter  it  through  a  dry  filter  papcx.' 
Collect  135  c.c.  of  the  filtrate  and  boil  it  gently  for  at  least  ODe-half  hour.  Cool 
the  solution,  filter  off  the  precipitate  of  BaSOi,  wa&h,  dry  and  ienite  it  accoidiuc to 
the  directions  given  on  page  546. 

Calculation.— The  weight  of  the  BftSO«  precipitate  ahould  be  multiplied  bj 
3  since  only  one-half  (135  c.c.)  of  the  total  volume  (350  c.c.)  of  fluid  was  pr«dpi- 
taled  by  the  barium  chloride.  The  rcmafalillg  calculation  should  be  made  accord- 
ing to  directiuits  given  under  Total  Sulphates,  page  546. 

Calculate  the  quantil;  of  ethereal  sulphates,  expressed  as  SOt.  in  the  twenty- 
four-hour  urine  spedmea. 

InhrpreltUion.—Tbe  excretion  of  ethereal  sulphates  (expressed  as 
S0«)  varies  ordinarily  from  o.i  to  0.25  gram  per  day  comprising  from 
5  to  IS  per  cent  of  the  total  sulphur  excretion.  The  absolute  amount 
of  ethcrt-al  suli>h;itc  increases  with  increase  in  the  protein  of  the  diet  and 
particuiiirly  with  increase  of  putrefactive  processes  in  the  intesUneor 
elsewhere.  The  amount  excreted  cannot  howc%'er  be  taken  as  sa 
index  of  the  extent  of  intestinal  putrefttr lion. 

4.  Total  Sulphur.— Benedict's  Method.*— Ppifirt/"/*.— The  uiine 
is  evaporated  and  ignited  nith  a  solution  of  copper  nitrate  and 
potassium  chlorate.  Organic  matter  is  thus  destroyed  and  all  un- 
oxidized  sulphur  is  oxidized  to  the  sulpliatc  form  and  can  be  readily 
precipitated  with  barium  chloride  in  the  usual  manner.  The  method 
is  very  convenient  and  accurate. 

Ten  cc  of  urine  are  measured  into  a  small  (7-8  cm.)  porcelain  erapontincdiife 
and  5  c.c*  of  Benedict's  sulphur  reagent*  added.  The  contents  of  the  dlah  are 
evaporated  over  a  free  flame  which  is  regulated  to  keep  the  solutioa  just  below  Hit 
boiling'poiiil,  so  Ituil  there  con  be  no  loss  through  spattering.  When  dryness  i* 
reached  the  flame  is  raised  slightly  until  the  enhie  residue  has  blackened.    Ttw 

■•    )See  Dote  (3)  at  llie  bottom  of  p.  540. 

*TbU  precipitate  cotiMits  of  the  inorgiitic  lulphales-  If  it  is  desired,  thit  BtSOi 
pncfpitalc  nuy  be  (oIlccIcH  in  n  Gooch  crucible  or  on  an  ordioMy  quantitative  E3W 
paper  and  a  delcrmiiMlloii  ut  iaotgnaic  ku\ph»tra  made,  Uiiox  tb«  sanu  techoic  at  tinl 
sBBgtiitcii 'ibovc.  In  this  way  we  are  tniibled  to  detennine  the  loorganic  and  (tWml 
Wqih«tts  in  the  luime  SAiupic  of  urine 

*  BcD(<Jict:  Jvttntal  0/  Biolop<ol  Chtmiilry,  6,  jftj,  1900. 
'     *  If  the  uiioc  is  Goncenlrat«i  the  quantity  slioi^d  be  slljthlly  {ncRMCd. 

*  Cry»talliiod  copper  niltntc.  lulpDui-free  m  oI  known  sulphur  coDteut 900 1 

Sodium  or  poiusium  chlorate je  j 

Distilled  iralet  to ....1000 1 

Denis  has  tussastcd  the  um  of  the  folloiving  wlutJon: 

Copper  nitrate '. is  xrams. 

Sodium  chloride ^ .  35  gnum. 

Ammonium  nitrate.. ■. ■ ....••■i, tOCTUM. 

Water  to  make ....t «..  lOOCC 

The  procedure  is  the  wmr  it»  the  above  except  that  35  CC  of  urine  sod  5  c^  of  rMgiBt 
aie  taliciu    It  gives  .iccunite  tesulu. 
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(Ume  is  then  turned  up  in  tvro  stages  to  the  full  heat  of  th«  bunscn  burner  snd  tb« 
cootents  of  the  dish  thus  heated  to  redness  for  ten  minutes  after  the  black  residue 
(whicfafiistfuses)  has  become  dry.  Tliis  beatinf  is  to  decempoce  the  last  traces  of 
nitrate  I'and  chlorate).  The  flame  is  then  removed  and  tb«  dish  allowed  to  cool 
more  or  less  completely.  Ten  to  lo  c.c.  of  dilute  (1:4)  hydrochloric  add  is  then 
added  to  the  residue  in  the  dish,  which  is  then  vraimed  gently  until  the  contents 
have  completely  dissolved  and  a  perfectly  dear,  sparkling  solution  is  obtained. 
This  dissolving  of  the  residue  requires  scarcely  two  minutes.  With  the  aid  of  a 
Stirring  rod  the  solution  is  washed  into'  a  small  Erienmeyer  flask,  diluted  with 
cold,  distilled  water  to  too- 150  C.c,  to  c.c.  of  10  per  cent  barium  chloride  solution 
added  drop  by  drop,  and  the  solution  allowed  to  stand  for  about  an  hour.  It  is 
then  shaken  up  and  filtered  as  usual  through  a  weighed  Gooch  crucible.  Controls 
should  be  run  on  the  ondizing  mixture. 

Calculation. — Make  the  calculation  according  to  directions  given  under  Total 
Sulphates,  page  546.  Calculate  the  quantity  of  sulphur  expressed  as  SO)  or  S, 
present  in  the  twenty-four-hour  urine  specimen. 

Interpretation.— The  total  sulphur  (SOj)  excretion  averages  about  2.5 
grams  per  day.  It  runs  more  or  hss  parallel  with  the  decomposition 
of  endogenous  and  exogenous  protein  and  a  definite  ratio  between  the 
excretion  of  total  N  and  total  S  might  be  expected.  It  has  been 
suggested  that  the  ratio  5  :  i  expresses  this  relation  in  a  general  way  but 
DO  constant  value  can  be  given.     Sec  Total  Sulphates. 

5.  Total  Sulphur.— Osborae-Folin  Method.— PriH<-f>/f.— This 
method  depends  on  the  dtstrut_iion  of  organic  matter  by  means  of 
sodium  peroxide.  It  h  en!pl.>yed  particularly  for  the  determination 
of  sulphur  in  foods  and  feces.  Benedict's  procedure  (sec  above)  Is 
simpler  and  fully  as  satisfactory  for  urine. 

Place  15  c.c.  of  urine'  in  a  300  -350  c.c  nickel  crucible  and  add  about  3  giams  of 
sodium  peroxide.  Evaporate  the  mixture  to  a  syiup  upon  a  steam  water-bath  and 
heat  it  carefully  over  an  alcohol  flame  until  it  solidifies  (15  minutes).  Now  remove 
tte  crucible  from  the  flame  and  allow  il  to  cool.  Moisten  the  residue  with  i  2  c.c  of 
water, 'sprinkle  about?  Sgramsof  sodium  [leroxide  over  the  contentsof  the  crucible 
and  fuse  the  mass  over  an  alcohol  flame  for  about  10  minutes.  Allow  the  crucible 
to  UKi  for  a  few  minutes,  add  about  100  c.c  of  water  to  the  contents  and  heat  at 
least  one-half  hour  over  an  alcohol  flame  to  dissolve  the  alkali  and  decompose  the 
sodium  peroxide.  Next  rinse  the  mixture  into  a  400  450  c.c.  Erienmeyer  flask, 
by  means  of  hot  water,  and  dilute  it  to  about  350  c.c.  Heat  the  solution  nearly  to 
the  boiling-point  and  add  concentrated  hydrochloric  acid  slowly  until  the  nickelic 
oxide,  derived  from  the  crucible,  is  just  brought  into  solution.'  A  tew  minutes' 
boiling  sbouM  now  yield  a  dear  solution.  In  case  too  little  peroxide  or  too  much 
water  was  added  for  the  linal  fusion  a  clear  solution  will  not  be  obtained.  In  this 
erent  cool  the  solutioo  and  remove  the  insoluble  matter  by  filtration. 

■  SuraetimH  the  porccbin  glaic  cntcki  during  iieating,  in  which  otc  the  lolulion  should 
be  filtered  into  the  Butk. 

*  If  Ihc  urine  II  vrr)-  dilute  jo  c.c.  m:iy  b«  u^ed. 

'  This  moisteiuDS  of  the  rcndue  with  a  small  amount  of  w«ter  is  very  CMcatial  and 
should  not  be  neglected. 

•  About  18  c.c.  of  add  arc  required  for  8  grains  of  wdtuTn  pcmdAc 
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To  th«  cl«sr  solution  <dd  5  c.c.  of  very  dilute  alcohol  (about  iS-^io  per  cent)  tod 
continue  the  boiling  for  a  few  murote*.  The  alcohol  it  added  to  remove  the 
chlotine  which  was  formed  when  the  solution  was  addlfied.  Add  10  c.c.  of  a 
10  per  cent  solution  of  harium  chloride,  slowly,  drop  by  drop,'  to  the  tiqnid. 
Allow  the  precipitated  solution  to  stand  in  the  cold  two  days  and  then  filler  and 
continue  the  manipulation  according  to  the  directions  given  under  Total  Sul* 
phates,  page  546. 

Calculation.— Make  the  calculation  according  to  dtrectiooa  gftea  mujer  Total 
Salphales,  page  546.  Calculate  the  quantity  of  sulphur,  exprtsscd  as  SOi  or  S| 
present  in  the  twenty-four-houi  urine  speciinea. 

InUrpretatioH. — See  page  549. 

(b)  Volumetric  Procedures 

6.  Volumetric  Determination  of  Ethereal  and  Inoiganic  Stilphatei. 
—Method  of  Rosenheim  and  HTXSwmoDA.'^^Pntuipk. — The  sulphates 
of  the  urine  aa-  prt-dpitatcd  by  means  of  bcnzitJinc  solution,  the  pre- 
cipitate of  benzidine  sulphate  being  filtered  off  and  the  sulphuric 
acid  of  the  compound  titratt-d  with  N/io  KOII  using  phenolphthaleio 
as  an  indicator.  This  is  possible  because  the  benzidine  is  a  very  weak 
base  and  its  sulphate  readily  dissociates.  It  is  necessary  that  excess 
of  HCl  be  avoided  in  the  precipitation  proces.*. 

Procedur*.— (a)  Inorganic  Sulphates.— Preparation  of  the  benzidine  sola- 
don.  Rub  4  graoiG  of  benzidine  (Kahlbaum)  into  a  fine  paste  with  about  M 
c.c.  of  water  and  transfer  to  a  a-liter  fUsk  with  the  aid  of  about  500  c.c  of  wiM. 
Add  5  c.c.  of  concentrated  HCl  (sp.  gr.  1.19}  and  make  up  to  1  liters  with  rtiitlMil 
water.  One  hundred  and  fifty  c.c.  of  this  solution,  which  keeps  indefinitelj, 
are  sufBcient  to  precipitate  o.t  gram  H,S04. 

Measure  25  cc  of  tuine  into  a  350  C.C  Erienmeyer  flask  and  acidify  wilk 
dilute  hydrochloric  acid  (1:4)  until  the  reacdon  is  distincUy  acid  to  Congo  red 
paper.  Usually  i-a  c.c.  of  dilute  acid  are  required.  One  hundred  C.c.  of  the 
beniidine  solution,  as  prepared  above,  are  then  run  in  and  the  precipitate, 
which  forms  in  a  few  seconds,  allowed  to  settle  for  ten  minutes,  mter  vid> 
suction  and  wash  the  precipitate  with  10-10  c.c.  of  water  saturated  with  benzidiae 
sulphate.*  Transfer  the  precipitate  and  filter  paper  to  the  original  predpitatiDa 
flask  with  about  50  c.c.  of  water  and  titrate  hot  with  N/io  KOH.  after  flm 
adding  a  few  drops  of  saturated  alcoholic  solution  of  phenolphthalein. 

Calculation.— One  c.c.  of  N.  10  KOH  corresponds  104.9  mg.HiSOi  or  4.ong' 
of  SOi.  Multiply  the  number  of  cubk  centimeters  of  N/io  KOH  required  bf 
4.9  and  by  4  to  get  the  amount  of  HtSO*  in  100  cc  of  the  urine  analyzed. 

'  See  note  (j)  ut  Iht  bpttom  of  p.  546. 

*  Rotcnhcio)  and  Dromroond:  iSiorkrm-  J.,  S,  14J,  1014. 

*ln  order  lu  obtain  ac'Cuialc  t«sulli  il  h  moat  imporiaijl  that  the pncipitate  should^, 
finely  tutpcnded  in  witei  before  litriition  ind  thit  Rgoin  eataiU  (crtniD  jvrtcautiont  duinf 
filtmtion  »oa>  to  prevent  ihr  CHkingioiicihrrof  ihcprccipliatc.    Tlic  uuibor%u*c  afiiuie 
of  Ccin.  diameter  and  a  ptrfuratcdporcclaja  plate  (5-7  mm.)  coveted  dtlwi  irith  paper, 
or  with  a  neU-filtiog  filler  paper.    Do  not  allow  the  precipitate  to  be  tucked  dr>'  oa  tbc 
rer.     The  final  filtrale  «hould  ihow  no  acW  t«ac\.\iii\  Vo  Cimid  twl. 


I 


VKttm 


(b)  Total  Sulphates  (Inorganic  and  EtbfireaD.—Measuxe  as  e.€.  of  urloe 
into  an  Eilenmeyer  flasic,  add  a-2.5  C.c.  of  dilute  HCl  (■  :4i  and  xo  C.C.  of  water 
and  boil  for  15  20  minutes.  The  ethereal  sulphates  are  hfdroUzed.'  Allow  the 
•ohition  to  cool  and  then  precipitate  the  sulphate  with  benzidine  as  in  the  deter- 
mination of  inorganic  sulphates.  The  titration  and  calculation  are  ateo  carried 
out  in  the  same  way. 

(c)  Ethereal  Sulphates. —Detennlne  the  total  sulphates  and  inorganic  sul- 
phates as  indicated  above.  Subtract  the  amount  of  inorganic  sulphate  from 
ttuit  of  the  total  sulphate  and  obtain  the  amount  of  ethereal  sulphate  present. 

(d)  Total  Sulphur.  -According  to  Rosenheim  and  Drummond'  the  benzidine 
method  may  be  employed  for  the  estimation  of  total  sulphur  in  the  solution  ob- 
tained  on  the  oxidation  of  urine  by  the  Wolf-Osterberg'  modification  of  Bene- 
dict's method.  This  modification  Lavolves  the  use  of  larger  quantities  of  urine 
than  the  Benedict  method  or  a  reduction  in  accuracy  and  hence  probably  has 
no  advantages  over  Benedict's  original  procedure.  See  below  for  modification 
of  Raiiiss  and  Dubin. 

(e)  Neutral  Sulphur.  -Neutral  sulphur  is  most  readily  determined  by  dif- 
ference. Subtract  from  the  total  sulphur  as  determined  by  one  of  the  methods 
given  above  the  amount  of  total  sulphates.  The  difference  corresponds  to  the 
netitral  sulphur  of  the  urine  sample  examined. 

Interpretation. — The  neutral  sulphur  of  the  urine  is  made  up  of 
cystine  and  re!ate<]  bodies,  thiocyanate,  osyproteic  acids,  etc.  It 
makes  up  orclinarily  from  5-35  per  cent  of  the  total  sulphur  of  the  urine, 
or  on  the  average  0.2  to  0.4  gram  per  day  calculated  as  SOj.  The 
abiuitutc  amount  is  fairly  constant  for  a  given  individual  through  wide 
variations  of  protein  intake.  Indicating  that  its  origin  is  mainly  en> 
dogcnous,  that  is,  that  it  arises  principally  from  the  decomposition  of 
tissue  protein.  On  this  account  the  percentage  of  the  tutal  sulphur 
excretion  existing  in  the  neutral  form  may  rise  to  25  per  cent  on  a  very 
low  protein  diet  and  decrease  to  5  per  cent  on  a  high  protein  diet,  the 
absolute  amount  remaining  ncirly  constant.  In  fasting  percentages 
as  high  as  70  have  been  noted.  In  many  disorders  as  tuberculosis, 
cancer,  cystinuria,  etc.,  the  amount  may  be  relatively  and  in  some 
cases  absolutely  increased  but  no  fixed  relations  have  been  determined 
for  the  various  conditions. 

7.  Total  Sulphur.— Method  of  Raiziss  and  Dubin." — PriiicipU. — The  urine  Is 
oxidized  by  Benedict's  method  tpagi-  J48)  the  sulphur  precipitated  as  bcnxidinc 
solphaie  and  tlie  benzidine  titrated  with  N/io  |M!rman){nnute  »ulution.  Very 
small  amounts  of  sulphur  may  be  determined  in  this  way. 

Protedure. — To  2  c.c.  oi  urine  in  an  8  cm.  porcelain  dish,  add  0.$  c.c  of  Bene- 
dict's reagent  (page  S48)  und  evaporate  lo  diynessoo  the  watcr-bntb.    Heat  the  dish 

'  A  Uritrr  amuunt  of  HL*I  may  lie  u^  (lO  c.c.  of  the  dilute  acidj  if  de»ired.  In  this 
case  it  in  necciwiry  to  ncuirUizc  the  wlution  carefully  alter  boiling  and  ignin  add  dilute 
HCl  until  the  reaction  h  ftiid  lo  Congo  red. 

'RoMnlK'lm  auil  Drummund:  Bioek.  Jonr,,  S,  uj.  1914. 

•  Wolf  and  t)itctbcrg:  Biocli-  Z<il..  2g,  439.  :o:o. 

*  RaiztM  unci  Dubin:  Jour.  BioL  Cktm.,  iS,  147,  1914. 
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carefully  over  a  small  flame  till  the  contents  are  black,  and  then  heat  to  rednessfoi 
only  two  minutes.  Cool,  add  a  c.c.  of  hydrochloric  add  (1:4)  and  warm.  Keutnliie 
the  dear  solution  with  NaOH  (10  per  cent)  and  again  addiiy  with  i  drop  of  HQ 
(i  :4).  Add  3$  c.c.  of  a  solution  of  benzidine  hydrochloride*  with  stirring.  Let 
Stand  15  minutes  and  then  filter  o£E  on  an  asbestos  filter.  Transfer  the  predpitate 
to  the  filter  by  means  of  the  filtrate  and  wash  with  5  c.c.  of  cold  water,  drop  by  dit^. 
Put  the  filter  into  a  500  c.c.  Erlenmeycr  flask,  add  i  c.c.  of  NaOH  (10  per  cent)  and 
200  c.c.  of  water.  Boil  the  suspension  for  five  minutes  and  then  cool  to  room  tem- 
perature. Add  30  c.c.  concentrated  sulphuric  add  and  titrate  the  warm  solution  at 
once  with  N/io  potassium  permanganate  solution  till  a  distinct  pink  coloration  is 
obtained,  which  should  last  30  secottds.  In  titrating  at  first  add  only  about  0.5  cc 
at  a  time  and  toward  the  end  only  3  drops  at  a  time,  waiting  tUl  the  color  disappears 
before  further  addition  of  permanganate  solution.  As  the  titration  progresses  it 
will  be  noticed  that  the  yellow  color  gradually  disappears,  the  solution  turning  prac- 
tically colorless.  It  is  at  this  stage  of  the  titration  that  care  should  be  taken  in  add- 
ing only  3  drops  of  permanganate  at  a  time. 

Calculation. — One  c.c.  of  N/io  potasuum  permanganate  is  equivalent  to  a.099 
mg.  of  sulphur.  Multiply  the  number  of  cubic  centimeters  of  permanganate  used 
by  0.099  and  divide  by  3  in  order  to  obtain  the  wdght  of  sulphur  in  i  c.c.  of  urine. 
Calculate  the  day's  sulphur  output. 

Interprelation. — See  page  549. 

Phosphorus 

I.  Total  I^osphates. — Uranium  Acetate  Method. — Principle.— 
Standard  uranium  acetate  is  ma  into  a  measured  quantity  of  urine 
until  all  of  the  phosphate  has  been  precipitated  as  insoluble  uranium 
phosphate.  An  excess  of  uranium  is  indicated  by  a  reddish  coloradon 
with  potassium  ferrocyanide.  This  method  is  '  accurate  and  gives 
practically  the  total  phosphorus  of  urine  inasmuch  as  the  latter  exists 
generally  almost  entirely  as  phosphates. 

Procedure. — To  50  c.c.  of  urine  in  a  small  beaker  or  ErleiuDeyer  flask  add 
5  c.c.  of  a  special  sodium  acetate  solution'  and  heat  the  mixture  to  the  boiling' 
point  From  a  burette,  run  into  the  hot  mixture,  drop  by  drop,  a  standard  soh- 
tion  of  uranium  acetate*  imtil  a  predpitate  ceases  to  form  and  a.  drop  of  the  mii- 
tuie  when  removed  by  means  of  a  glass  rod  and  brought  into  contact  wifli  t 

'  Six  and  seven-tentha  grama  of  benzidine  (Merck  reagent)  are  put  in  a  i-liter  flisk,  ig 
c.c.  of  bydrochloiic  acid  (sp.  gr.  i.  12)  added  and  the  solution  diluted  up  to  the  mark. 

'The  sodium  acetate  solutioD  is  prepared  by  dissolving  joo  grams  of  sodium  acetatttn 
800  c.c,  of  disliUed  water,  adding  100  c.c.  of  30  per  cent  acetic  acid  to  the  solution,  iwi 
making  the  volume  of  tbe  mixture  up  to  i  liter  with  water. 

*  Uranium  AcelaU  Solution. — Dissolve  about  35.0  grams  of  uranium  acetate  in  1  lild 
of  water  with  the  aid  of  heat  and  3-4  c.c.  of  glacial  acetic  add.  Let  stand  a  few  diys 
and  filter.  Stundardize  against  a  phosphate  solution  containing  0.005  gram  of  PiOipK 
cubic  centimeter.  For  this  purpose  dissolve  14.731  grams  of  pure  air-dry  sodium Ui- 
monium  phosphate  (NaNH«HP0,-f-4H,0)  in  water  to  make  a  liter.  To  20  c.c.  (rf  lUi 
phosphate  solution  in  a  200  c.c.  beaker  add  30  c.c,  of  water  and  5  cc.  of  sodium  acetite 
solution  (see  abovf)  and  titrate  with  the  uranium  solution  to  the  correct  end  reactions 
indicated  in  the  method  above.  If  exactly  la  c.c.  of  uranium  solution  are  required  i  c.c 
of  the  solution  i'  equivalent  to  0.005  gram  P:0|.  If  stronger  than  this  dilute  accordiiigl/ 
and  check  again  \>y  titration. 
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drop  o(  a  solution  of  potassium  ferrocyanide  on  a.  poKcUin  tMt-tabl«t  produces 
instantaneously  a  biownish-red  coloration.'  Take  tb«  burette  reading  and 
calculate  the  P^Os  content  of  (he  urine  under  examination. 

Calculation.— Multiply  the  number  of  cubic  centimeters  of  uranium  acetate 
solution  used  by  0.005  'o  detemiine  the  number  of  grams  of  PjOi  in  (he  50  c.c 
of  urine  used.  To  express  the  result  in  percentage  of  PiO*  multiply  the  ralue 
just  obtained  by  2,  e.g.,  if  so  c-c.  of  urine  contained  0.074  grftm  of  PiOi  it  would 
be  equivalent  to  0.14S  per  cent. 

Calculate,  in  terms  of  PiOt,  the  total  phosphate  content  <A  the  94-  ' 
hour  uiine  specimen. 

Inkrpretatioa. — The  excretion  of  phosphoric  acid  is  extremely 
variable  but  on  the  average  the  total  output  for  the  24  hours  is  ahout 
a. 5  grams  expressed  as  PaO*.  Ordinarily  the  total  output  is  mainly  in 
the  form  of  phosphates  and  is  distributed  between  alkaline  and  earthy 
phosphates  in  the  ratio  of  } :  i  but  this  is  likewise  inconstant.  The 
greater  part  of  the  phosphate  cxcn-tion  arises  from  the  ingested  food, 
either  from  the  preformed  phosphates  or  more  especially  from  the 
organic  combinations  as  phospho-  and  nudcoproteins.  The  ex- 
cretion \s.  consequently  very  largely  dependent  upon  the  phosphorus 
content  of  the  diet.  Some  of  the  phosphoric  acid  results  from  the 
breakdown  of  the  tissues  of  the  body,  and  this  endogenous  phosphoric 
acid  excretion  is  increased  in  conditions  of  increased  metabolism  as  in 
fevers.  The  findings  in  pathological  conditions  have  been  somewhat 
contradictory  due  to  lack  of  control  of  diet.  The  so-called  "phos- 
phaturias"  nearly  always  represent  decreased  acidity  and  not  in- 
creased phosphate  content  of  the  urine.  Such  conditions  arc,  however, 
signiticant  as  indicating  a  possible  tendency  to  the  formation  of  phos- . 
phatic  calculi.  I 

2.  Earthy  Phosphates.— Pr(««/>/f. — 'ITie  earthy  phosphates  are 
precipitated  by  making  the  urine  alkaline.  The  precipitate  is  filtered 
off,  dissolved  in  acid  and  titrated  with  uranium  acetate. 

Procedure. — ^To  100  c.c.  of  urine  in  a  beaker  add  an  excess  of  ammonium 
hydroxide  and  allow  the  mixture  to  stand  11-^4  hours.  Under  these  conditions 
the  phosphoric  acid  in  combination  with  the  alkaline  earths,  calcium  and  mag- 
nesium, U  precipitated  as  phosphates  of  these  metals.  C<^ect  (he  precipitate 
on  a  filler  paper  and  wash  it  with  very  dilute  ammonium  hydroxide.  I^erce 
the  paper,  and  remove  the  precipitate  by  means  of  hot  water.  Bring  the  phos- 
pbates  into  solution  by  adding  a  small  amount  of  dilute  acetic  acid  to  the  warm 
sohition.  Make  the  volume  up  to  50  c.c.  with  water,  add  5  c.c.  of  sodium  acetate 
solution,  and  detennine  the  PjOs  content  of  the  mixture  according  to  the  direc- 
tions given  under  the  previous  method. 

Calculation.  —Multiply  the  number  of  cubic  ceotiroeters  of  uranium  acetate 
solution  iised  by  0.005  to  determine  the  number  of  grams  of  PiOi  in  the  lOO  CC. 


'  A  [o  per  cent  iolutlon  of  poisssluai  ierrocyanide  »  wvWmVot^. 


554 


PHYSIOLOGICAL  CHEMISTRY 


of  oime  used.    Since  loo  cc  ol  urine  was  taken  this  value  also  expresses  thJ 
percentace  of  P^t  present  I 

Calculate  the  quantity  ol  eaithy  phosphates,  in  terms  of  P^i,  prsssnt  in  Ikr 
14-hour  urine  specimen. 

The  quantity  of  phosphoric  acid  present  in    combination   with    the   alktli 
metals  may  be  deteraiined  by  subtnctins  the  content  of  eailb;  ph' 
from  the  total  phosphates. 

Inlerprelation. — Ordinarily  the  earthy  pliosphates  make  up  from 
30-40  per  cent  of  the  total  phosphate  excretion.  The  amount  varii 
with  the  excretion  of  caicium  and  magnesium  (which  see). 
I  3.  Total  Phosphorus,— («)  Vdumelric  Procedure. — PrindpU. — The 
organic  matter  n  destroyed  by  digestion  with  a  mixture  of  sulphuric 
and  nitric  acids  or  some  other  oxidizing  agent.  The  phosphorus  is  then 
precipitated  as  the  phosphomolybdate  and  determined  gravimetrically 
or  vulumctricaUy. 

Preparation  of  the  Solution. — Pipette  10  cc.  of  urine  ^or  an  amount  of  sul 
stance  containing  about  10  mg.  of  P-Oi)  into  a  Kjeldahl  flask.  Add  10  cc.  of 
mixture  of  equal  parts  of  concentrated  H<SO(  and  concentrated  BNOi.  Digest 
over  a  low  flame  until  red  fumes  cease  to  come  oS.  If  the  mixture  darkens  doe 
to  the  charring  action  of  the  sulphuric  acid,  add  nitric  acid  from  a  separator; 
funnel  a  few  drops  at  a  time  and  continue  the  digestion.  When  the  mixtnre 
remains  clear  on  evaporation  to  the  point  where  white  sulphuric  fumes  come  off 
the  digestion  is  completed  by  heating  for  1015  minuteslonger.  Cool  and  transfer 
the  solution  to  a  400  cc.  Erlemneyer  flask  with  the  aid  of  enough  watst  to 
make  a  total  volume  of  about  75  cc' 

I  In-itead  of  oxidiidng  the  material  as  described  above  it  may  be 
ignited  with  magnesia  to  destroy  organic  matter.  .■Vboul  2  grams  of 
the  solid  sulwlance  or  25  cc  of  urine  (pre\nously  evaporated  nearly 
to  dryness)  arc  mixed  with  a  little  more  than  an  equal  bulk  of  mag- 
nesium oxide  in  a  porcelain  dish  of  about  30  cc.  capacity.  Five  cc. 
of  magnesium  nitrate  solution  (see  Reagents  and  Solutions,  page  6oi) 
are  added  and  the  mixture  heated  very  gently  at  first,  then  gradually 
to  bright  redness.  'I'hc  mixture  i.'^  cooled  and  transferred  with  water 
to  a  J50  cc,  flask.  An  excess  (jo-30  cc.)  of  HCl  are  added  and  the 
mixture  boiled  a  few  minute;..  Remove  from  the  flame  and  add  at 
once  enough  barium  chloride  solution  to  precipitate  any  sulphate 
present.     C-'ool,  make  to  mark,  tiltcr  and  take  an  aliquot  for  aoalysis. 

PrccipitRtion    of   the   Phosphomolybdate.    Neutralize   the    solution   with 

anunonla,  make  slightly  acid  with  nitric  acid,  and  add  15  grams  of  ammonium 

nitrate  in  substance  (or  15  cc  of  a  60  per  cent  solution).     Heat  on  a  water-batb 

to  60  ft^'C.  (not  higher)  and  add  30-40  cc  of  moljrbdate  solution,'  stir  and  lit 

'  lu  \'ht  Ciisr  of  urine  il  is  posublc  to  nrutfaliKc  Ihii  acid  solution  with  anmofiii,  nait 
it  acid  with  acctir  ncld  nitd  tilrntc  wilh  uranium  ncetatc  ni  in  the  precediox  method. 

'  M,»df  by  addiiu!  5  c.c,  o(  umtentnitcd  HNOi  lo  100  c-c,  of  Ibe  owiniiry  mol>'bdalc 
aolatiou  {*ce  RcRgrnU  and  Solution',  v^kc  <ioi1. 
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stand  for  about  15  minutes  at  60-65°.  Filter  at  once  through  a  small  papef,> 
washing  the  precipitate  twice  b;  decantation  with  a  per  cent  ammoaium  Ditrate 
solution  using  about  35  c.c.  each  time,  stining  up  the  precipitate  well  in  each 
case,  and  allowing  (0  settle.  Transfer  the  precipitate  to  the  titter  and  wash  with 
3  p«r  cent  ammonium  nitrate  solution  until  (wo  fillings  of  the  filter  icollected 
separately)  do  not  greatly  diminish  the  color  produced  with  phenolphthaleia 
by  I  drop  of  the  standard  alkali. 

Titration  of  the  Phosphomolybdate.— Transfer  the  precipitate  and  filter 
back  to  the  original  beaker  and  dissolve  in  a  small  excess  of  N  5  HaOII  (about 
2~i  cc  more  than  required  to  completely  dissolve  the  yellow  precipitate).  Add 
about  100  c.c.  of  boiled  and  cooled  water  and  a  few  drops  of  phenolphthalein 
as  an  indicator  (a  red  color  should  be  observed  Indicating  eicess  of  NaOH) 
and  titrate  the  excess  of  NaOH  with  H  10  acid. 

Calculation.— Divide  the  number  of  cubic  centimeters  of  N'lo  add  required 
by  3  and  subtract  from  the  number  of  cubic  centimeters  of  N  5  NaOH  used. 
This  gives  the  number  of  cubic  centimeters  of  Hy  5  NaOH  required.  Multiply 
by  i.a6S  (the  equivalent  of  1  c.c.  of  N  5  NaOH  in  P-Oi)  and  obuin  the  number 
of  milUgrams  of  P:0;  in  10  c.c.  of  the  urine  analyied.  Calculate  the  daily  output 
of  PiOi  in  this  case  from  the  34-hour  volume. 

'  InUrprclalion. — Nearly  all  of  the  phosphorus  of  the  urine  cxLils  as 
alkali  and  earthy  phosphates.  Consequently  the  total  phosphorus 
varies  in  the  same;  way  as  the  total  phosphates  (which  see).  A  small 
portion  of  the  phosphorus  of  the  urine  may  exist  in  organic  com- 
bination though  never  in  a  reduced  form.  This  organically  bound 
phosphate  may  amount  to  from  1-4  per  cent  of  the  total  phosphorus 
excretion.  Little  is  known  with  regard  to  the  compounds  in  which  it 
occurs,  Possibly  some  gtyccrophosi>huric  acid  may  occur  cither  free 
or  as  lecithin. 

Gravimetric  Modification.— The  phosphorus  may  be  determined  somewhat 
more  accurately  by  substituting  a  gravimetric  procedure  for  the  above  titration. 
In  this  case  the  washed  phosphomolybdate  precipitate  is  dissolved  on  the  filter 
pipOTwitbutunonium  hydroxide  and  hot  water  to  make  a  volume  of  not  more  than 
100  CC.  Nearly  neutralize  with  HCI,  cool,  and  add  about  to  c.c.  of  magnesia 
mixture  (see  Appendix)  from  a  burette.  Add  slowly  (about  1  drop  per  second} 
stirring  vigorously.  After  15  minutes  add  11  c.c.  of  ammonium  hydroxide 
solution  (sp.  gT-  o.Qo).  Let  stand  for  some  lime  (two  hours  is  usually  enough) 
then  filler  and  wash  the  precipitate  with  3.5  per  cent  ammonia  until  practically 
free  from  chlorides.  Ignite  to  whiteness  or  lo  a  grayish-while  ash  and  weigh. 
Multiply  the  weight  of  magnesium  pyrophosphate  thus  obtained  by  0.637  O  K^t 
the  weight  of  P,Ot. 

Cakulation.— Calculate  as  explained  above. 

'  liisbcttei  tousea«pcci3t  filicriubcof  .iWut  iLj  inchc«dLimelcr  (umilar  t««  pQoA 
filterinc  tube)  in  nhic-h  i*  pinccd  a  ncrforulcd  porceUin  pluir  i  'j  inches  In  diameter,  COVmd 
wllli  a  Lyrrof  aabesloM /8 inch  thick.  Filtration  ti  carried  out  with  suction  and  i»  very 
rapid.  Ordinary  (looch  crucibles  lined  with  asbettos  may  also  be  used  but  nre  not  mi  Httit- 
netory.  The  asbtstoa  QKd  (hould  be  s|ieciatly  ptepured  (»ee  .\ppcndii).  For  3  )t<it>d  di»- 
OMIoq  of  the  detalb  of  procediirr  nnd  tourc»  of  error  of  thii  volumetric  mcthml  see 
-BiEbbajd:  J.  Jnd.  Bng.  Chtm..  $.  09S,  1913.  > 
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Chlorides  ^^^^ 

I.  Volhard-Amold  Method.-  J'rifuipie. — The  urine  is  acicUfied 
with  nitric  acid  und  the  chluridi-s  precipitated  with  a  measunnl  excess 
of  standard  silver  nitrate  solution.  The  silver  chloride  formed  ts 
filtered  off  and  in  tlie  filtrate  the  escciss  silver  nitrate  is  titrated 
back  with  standard  ammonium  thiocyanatc  solution.  Ferric  am- 
monium sulphate  h,  used  as  ao  indicator.  A  red  color  due  to  the  formii* 
tion  of  ferric  thiocyanate  indicates  that  an  excess  of  thiocyanatc  is 
present  and  that  the  end  point  has  been  reached. 

Pn>cedure.~PUc«  lo  cc  of  urine  in  a  loo  cc.  volumetric  flask,  add  ao-3« 
drops  of  nitric  add  (sp.  gr.  i.>)  and  a  cc.  of  a  cold  taturated  solution  of  fenic 
alum.  If  necessary,  a(  this  point  a  few  drops  of  8  per  cent  solution  of  potassium 
pennanKaimIe  may  be  added  to  dissipate  the  red  color.  Now  slowly  run  is  a 
known  volume  of  the  standard  silver  nitrate'  solution  (30  cc.  ia  ordinarily  us«d) 
in  order  to  preciptlate  the  chlorine  and  insure  the  presence  of  ao  excess  of  sitT«f 
nitrate.  The  mixture  should  be  continually  shaken  during  the  addition  of  tbe 
standard  solution.  Allow  the  flask  to  stand  10  minutes,  then  fill  it  10  the  too 
cc.  graduation  with  distilled  water  and  thoroughly  mix  the  contents.  Nov 
filter  the  mixture  through  a  dry  filter  paper,  collect  50  CC  of  the  filtrate  and 
titrate  It  with  standardised  ammonium  thiocyanate  solution.'  The  first  per- 
manent tinge  of  red-brown  indicates  the  end  point.  Take  the  burette  reading 
and  compute  the  weight  of  sodium  chloride  in  the  10  cc.  of  urine  used. 

Calculation.  —The  number  of  cubic  ceatimeleis  of  ammonium  thiocyantM 
solution  used  indicates  the  excess  of  standard  silver  nitrate  solution  in  the 
50  cc.  of  filtrate  titrated.  Multiply  this  reading  by  i,  inasmuch  as  only  ooe-baH 
<rf  the  filtrate  was  employed,  and  subtract  this  product  from  the  number  of  cubk 
centimeters  of  silver  nitrate  (10  cc.)  originnlly  used,  in  order  to  obtain  the  acttial 
number  of  cubic  centimeters  of  silver  uitrate  utilized  in  the  precltntation  of  dia 
chlorides  in  the  ic  c.c  of  urine  employed. 

To  obtain  the  weight  in  grama  of  the  sodium  chloride  in  the  to  cc.  of  urii 
used,  multiply  the  nimiber  of  cubic  centimeters  of  the  standard  silver  nitrate 
sotution,  actually  utilized  in  the  precipitation,  by  o.oio.    If  it  is  desired  to  aipntt 
the  result  in  percentage  of  sodium  chloride  move  the  decimal  point  one  placa 
to  the  right. 

In  a  similar  manner  the  weight,  or  percentage  of  chlorine  may  be  compw 
using  the  factor  0.006  instead  of  o.oio. 

>Stn.ndnrd  lUvcr  nitrate  tolutloa  may  be  nrepoied  by  disMlviojc 'O-o^isrannottUTtr 
aitiat«  lo  I  liter  of  distSled  water.  Eich  cubic  ccDtimelcr  of  thit  tolution  b  equtvokol  ta 
OjOio  jEtvni  of  »odiuQi  chloride  or  to  0.006  gnm  of  chlorine. 

'TbUMlutinn  is  nuijc  of  such  «  MrcnRth  tb»l  1  c.c.  of  it  ft  equal  to  t  CC.  of  tbestai 
Kid  lilvcr  uilnitf  ^^tutiua  used.  To  prepare  the  solution  diswlve  tj  grams  of  ammi 
thiocyanate,  N1IS,CN,  in  a  little  leu  thRii  n  liter  of  water.  In  a  tmall  flask  plice  ic  cc 
of  the  standard  ulvcr  nitmc  solution.  5  c.c.  ul  the  ferric  alum  tohition  and  4  c.c  of  Ditiie 
add  (in.  sr.  1. 1>,  add  water  lo  muke  the  toc^  volume  100  c.c  and  thoroughly  ads  the  coa- 
teats  M  Ibe  flaalt,  Now  run  in  the  ammoiiiuin  thiocynnatc  aolution  from  a  burette  unti  a 
permanent  red-bronn  tinge  i*  produced.  ThU  Is  tlic  end-reaction  aiMt  indicates  that  the 
last  trace  of  (liver  nitrate  has  been  preci|)ilated.  Take  the  burette  reading  and  calcnlata 
the  aiaoaat  of  water  necnuty  to  u>c  in  diluting  the  ammonhim  thiocyanate  in  otdet  that 
iocc  of  this  tolulinn  mny  be  rincl.ly  cqii.il  lo  10  c.c.  of  tbctilixr  nitrate  tolulion.  Make 
thit dBatSoD  iad  titrate  igaiu  toliecetluivVbaVV^cvA'oXvi^iftot  <.h«  ^rapei atreogth. 
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CalcuUte  the  quKHtitjF  of  sodium  chloride  and  chlorioe  in  the  34-bo(U'  uiiUr 

InttTpntatimt. — From  10-15  sratns  of  chlorine,  expressed  as  sodium 
chloride,  arc  excreted  per  day,  on  the  average,  by  normal  adults.  The 
amount  is,  huwevcr,  closely  dependent  upon  the  chloride  content  of 
the  food  ingested.  In  fasting,  the  chloride  excretion  falls  rapidly  to 
a  verj-  minimal  qu^nlity.  On  high  water  ingestion  it  is  increased. 
In  pneumonia  and  certain  other  acute  infectious  diseases  tlie  excretion 
of  chlorides  may  be  markedly  diminished  particularly  during  the 
periods  in  which  exudates  arc  forming.  In  convalescence  and  with 
resolution  of  the  exudates  the  chlorine  excretion  rises  again.  A  de- 
crease has  also  been  noted  in  nephritis  a-ssociated  with  edema. 

2.  Volhard-Harvey  Method."— /'nfif(>/c.— This  procedure  differs 
from  the  Volhard-Arnold  method  in  that  the  excess  of  sih'er  nitrate 
is  titrated  directly  without  iiltering  and  hence  in  the  presence  of  the 
silver  chloride.  The  procedure  is  thus  more  rapid  but  the  exact  end 
int  is  more  difficult  to  determine. 


Procedure.— Introduce  5  cc.  of  urine  into  a  souUl  porcelain  evaporating 
disb  or  casserole  and  dilute  with  about  30  cc.  of  distilled  water.  Precipitate 
the  chlorides  by  the  addition  of  10  cc.  of  standard  silver  nitrate  solution'  and 
add]  cc.  of  acidified  indicator/  Now  run  in  a  standard  ammonium  thiocyanate 
solution*  from  a  burette  until  a  faint  red-brown  tint  is  visible  throughout  the 
mixture-  This  point  may  be  determined  readily  by  permitting  the  precipitate 
to  settle  somewhat.    Calculate  the  sodium  chloride  value  as  indicated  below. 

(If  a  red  tint  is  produced  when  the  first  drop  of  thiocyanate  is  added  an  addi- 
tional 10  cc.  of  the  standard  silver  nilnte  solution  must  be  introduced.  The 
titration  should  then  proceed  as  above  described  and  proper  allowance  made  in 
the  calciUation  for  the  extra  volume  of  silver  nitrate  employed.) 

Calculation. — Since  2  cc  of  the  ammonium  thiocyanate  solution  is  eqtiivaleot 
to  t  cc.  of  the  silver  nitrate  aolution,  divide  the  burette  reading  by  1  and  sub- 
tract the  quotient  from  10  cc,  the  quantity  of  silver  nitrate  solution  taken. 
This  yalue  is  the  number  of  cubic  centimeters  of  silver  nitrate  solution  actually 

>IlBTrey:  Arekhts  of  Inltrnal  iteJitin*,  6,  ii,  igio. 
»S*«p.  ssfi- 

'  This  is  prcpui«(l  as  follows:  To  30  cc  oi  dbtHled  w»ter  ndd  70  cc.  of  33  per  cent 
nitric  add  (sp.  gt.  i.i)  and  dii^iolve  loagnm*  of  cryKtolline ferric  imaiMiiumi>ulphate in 
thttdOnteaddfolutton.  Filler  tind  use  the  dlirate  wbjcli  isautuMlcd  totutlonol  the  iron 
tail.  This  single  reoseot  takes  the  place  of  the  nitric  acid  and  ferric  alum  as  used  in  Vol- 
hard-Aroold  method,  and  intucci  the  um  of  the  proper  quantity  o(  tidd. 

*  Thit  U  a  aolutioD  of  aminunJum  thiocyanate  of  iuch  a  strength  tliat  *  cc.  is  equivalent . 
to  I  cc.  of  the  ^vcr  mliale  solution.  First  make  a  concentrated  Klution  by  dissolvinj;  i ) 
gram*  in  1  liter  of  water.  To  dcleiminc  the  rcquUitc  dilution  loninkcEuchn  solution  that 
3  cc  shnll  be  cqiiivalcnl  to  i  cc.  of  the  silver  DJtrnie  solution  proceed  a^  (oUovrs:  Introduce 
10  cc.  of  the  silver  nitrate  solution  inlu  a  small  porcelain  eviporatinj;  d>*h  or  cnsieiole,  add 
3^-50  cc  of  distnUd  water,  z  c  c.  oi  thi?  acid  iodleator  and  titrate  u  described  above  n-ith 
the  aoawoiiiin  thiocy^inaic  solution.  The  total  volume  of  the  cunccntmted  thiocvanitte 
■elvUm  «KJudinK  thai  used  in  this  titration  iit  divided  by  10,  and  the  reftult  multiplied  by 
the  diSerence  between  this  burette  reading  and  30  cc    Thit  will  give  the  volume  of  div  ^ 

tilled  water  which  must  be  nddeii  to  the  concent  r.iied  thiocyanate  solution  to  render  i  c.c.         ^^S 
equivalent  to  t  cc  of  the  silver  nitrate  solution.  ^^^^H 

i^  . ^ 
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used  in  the  precipitation  of  the  chlorides.  As  i  c.c.  of  the  silveT  nitrate  solution 
is  equirolent  to  o.oi  gram  of  sodium  chloride,  the  ntunber  of  cubic  centimelen 
of  silver  nitrate  solution  used  multiplied  by  O.oi  gram  wiU  pre  the  weight  of 
sodium  chloride  in  the  s  c.c.  portion  of  urine  used.  The  weight  of  chlorine  nuj 
be  computed  by  using  the  factor  0.006  instead  of  o.oi. 

Calculate  the  weight  of  sodium  chloride  and  chlorine  to  the  24-hoar  urine 
specimen. 

A  "short  cut"  method  of  calculating  the  34-hour  output  of  sodium  chloride 
coDSJats  in  subtracting  the  burene  reading  from  10  c.c,  multiplying  this  value 
by  the  total  urine  volume  and  pointing  oB  three  places. 

Inter pretation. — See  above. 

3.  Dchn-Clark  Method'. — PriHtiple.—la  this  method  any  org^auk  matter 
which  mAy  interfere  with  the  tttrimetric  determination  of  the  chloridcK  is  dotroyed 
by  oxidation  with  sodium  peroxide.  The  chlorides  arc  then  determined  by  the  Vol- 
hatd-Arnold  titration  procedure. 

Proetdurt. — ^To  10  c.c.  of  urine  tn  a  75-100  c-c.  cassen^e,  add  t.o-i.s  grams  of 
sodium  peroxide  and  evaporate  the  mixture  to  dryncai  on  a  boDlog  water-balh.  In 
CMC  ihc  midiic  is  nol  pure  while,  thu«  indicating  that  insufficient  Kxlium peroxide 
has  been  added,  the  residue  should  be  moistened  with  distilled  water,  additional 
sodium  peroxide  added,  and  the  mixture  aguin  evaporated  to  dryness.  Whcatlie 
oxidation  is  complete,  treat  the  mass  with  lo-io  cc.  of  distilled  water  and  stir 
until  it  has  practically  all  been  brought  into  solution.  Then  introduce  a  tnt  al  lit- 
mus paper  and  add  dilute  nitric  acid  (1:1)  until  ihc  litmus  paper  turns  red  and  uU 
tJtntictHce  ceases.  Now  place  the  ca.-uerulc  on  a  hot  i>latc  or  on  a  gauxe  and  heit 
the  contents  almost  tothcboilinfi.point.'  To  the  hot  solution  add  a  standard  solu- 
tion of  utver  nitrate  (see  page  556)  in  itliKht  exceu.*  Filter  off  the  silver  chloridt 
whDe  the  solution  i>  still  hot  and  wnsh  the  prcdpitate  thoroughly  with  distilled 
water.  To  the  liltrate,  add  t  c.c.  of  a  saturated  solution  of  ferric  jiinmoniu.'n  sul- 
phate and  then  titrate  with  a  slandanl  solution  of  ammonium  thiocyanatc  (sec  ptgc 
556)  until  the  dear,  slightly  yellow  fluid  (or  the  opalescent,  milky  fluid,  in  cose  thtre 
i>  much  cxce*t  of  silver  nitrate)  changes  to  a  *lislil  ted  dish -brown  color.  The  color 
of  iheend  point  varies  with  the  individual.  The  exact  end  point  reached  ts  not  se 
important  as  is  the  .securing  of  the  same  end  point  in  a  scries  of  <le terminations  u 
that  obtained  in  the  standardixation  of  the  standard  solutions  used. 

Calculation, — The  standanl  solution  of  silver  nitrate  should  be  ma<le  up  so  tliit 
t  c.c.  equals  0.010  gram  of  sodium  chloride  and  icc.  of  the  ammonium  thiocyaoau 
sliould  be  equivalent  to  i  c.c.  of  the  silver  nitrate  solution.  The  calculation  is  then 
exactly  the  same  as  in  the  Vol  hard -A  mold  method  (jiagc  556)  except  tfaat  the 
burette  reading  is  not  multiplied  by  j. 

Inlerprttatwn.—'iix  page  557. 

4.  Mohr's  Method. — Principle, — The  organic  matter  of  the  urine  U  <)e3tro>-(<J 
by  Ignition  with  potassium  nitrate.  To  the  solution  of  the  ash  potassium  chromale 
is  added  and  then  standard  silver  nitrate  solution  run  in  from  a  burette.    The  &rsi 

'  Private  commudcstion  to  the  author  from  Mr.  S.  C  Clark. 

'  If  there  is  a  slight  precipitate,  due  lo  silicic  acid  from  the  csHcrole,  this  is  filtered  off 
Slid  the  filtrate  roiJccted  la  a  soo  C.C-  beaker. 

'  This  poiiit  is  mo»t  cady  rccogolied  by  keqitng  the  tolutiob  bot  and  b  constant  aails- 
lion  while  ittldin^  the  silver  nitrate  10  that  the  aflvet  chloride  formed  coagulates  and  tutks. 
leaving  a,  dear,  supernatant  fluid. 
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excess  o(mIv«  nitrate  over  ihat  ncccssao'  to  precipitate  the  chlorides  reacts  wit  h  the 
chromatc  to  form  reel  silver  chronutte  (AgiCtO*).  This  indicatui  the  eiid  point. 
The  method  is  accurate  when  applied  to  the  ash  of  urine  in  this  manner. 

Proitdurt.—To  lo  c.c.  of  urine  in  a  small  platinum  or  porceUin  crucible  or  dish 
'xdd  about  3  grains  of  chlon'ne-frcc  poUissiuin  oitratc  and  evaporate  to  dryncM  at 
loo^C.  {The  evaporation  may  be  conducted  over  &  low  dame  provided  care  is  taken 
to  prevent  loss  by  spurting.)  By  means  of  rrucihle  tonjpt  holil  the  crucible  or  dish 
over  a  free  dame  until  all  caibonaccous  matter  has  disappeared  and  the  fused  mass  is 
slij^liy  yellow  in  color,  ('ool  the  iesi<lue  somewhat  and  bring  it  into  solution  in  a 
small  amount  (15--15  c.c.)  of  distilled  water  acidified  with  about  to  drops  of  nitric 
add.  Transfer  the  solution  lo  a  small  beaker,  being  sure  to  rinse  out  the  crucible  or 
dish  very  carefully.  Test  the  reaction  of  the  Huid,  and  if  not  already  add  in  reac- 
tion 10  litmus,  render  it  slightly  add  with  nitric  add.  Now  neutralize  the  solution 
by  the  addition  of  caldum  carbonate'  in  substjince,  add  1-5  drops  of  neutral  potas- 
sium chromate  solution  to  the  mixture,  and  titrate  with  a  standard  silver  Ditiate 
solution. 

This  standard  solution  should  be  run  in  from  a  burette,  stirring  the  liquid  in 
the  beaker  after  each  addition.  The  end-reaction  is  reached  wbeji  the  yellow  color 
of  the  solution  changes  to  a  slight  orcnit-rid.  At  thb  point  lake  the  burette  md- 
iog  and  compute  the  percentage  of  dilorine  and  sodium  chloride  in  the  urine 
examined. 

Calculation. — The    calculation    is   made    exactly    as    in  the    Volh a rd- Arnold 
-Acthod,  page  556,  except  that  the  reading  is  not  multiplied  by  two. 
H     Calculate  the  quantity  of  sodium  chloride  and  chlorine  in  the  twenty-foui- 
'  hour  unnc  spedmen. 


I 


Inter prtiation. — Sec  page  557. 

Calcium  and  Magnesium 


McCnidden's  Methods.*— yrmc(>/c.— Urine  contains  magnesium, 
phosphates  and  a  small  amount  of  iron,  each  of  which  will  interfere 
with  ihc  accurate  determination  of  its  calcium  content  if  proper  con- 
ditions of  acidity  are  not  maintained  during  the  precipitation.  In  the 
following  method  the  proper  acidity  is  attained  through  the  use  of 
.lodium  acetate  and  hydrochloric  acid,  and  thi.s  with  slow  addition  of 
the  ammonium  oxalate  reduces  the  danger  of  occlusion  of  magnesium 
oxalate,  calcium  phosphate,  or  ferric  phosphate  in  the  calcium  oxalate 
precipitate. 

The  calcium  oxalate  precipitate  is  cither  ignited  and  weighed  as 
CaO  or  determinc<l  volume! rically  by  titration  with  potassium  per- 
manganate. Magnesium  is  determined  in  the  filtrate  from  the  calcium 
determination  after  destruction  of  the  organic  matter.  It  is  determined 
in  the  usual  way  by  ignition  of  the  magnesium  ammonium  phosphate 
precipitate  and  weighing  as  the  pyrophosphate. 

'The  ccsution  ot  effervescence  and  the  presence  of  some  undecomposed  calcium 
carbonate  at  the  bottom  of  the  vcsirl  are  the  indications  of  oeutiallzailoo. 
■  McCniddcn:  Jour.  Bict.  Chim.,  7,  8j,  1910;  10,  tSj,  tqit. 
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Lyman  has  suggested  a  nephelometric  method  for  the  dcterminati^t 
of  calcium  in  urine  and  feces.*  ^^^| 

Procedure  for  Calcium.— tf  the  uriae  is  alkaline  make  it  neutral  of  slightly 
add  and  filter.  Take  loo  cc.  of  the  filtered  urine  for  aoBlysLs.  If  it  is  only 
faintly  acid  to  litmus  paper  add  lo  drope  of  coDcentrated  hydrochloric  add  {tf. 
gr.  1.20}.  If  the  urine  is  strongly  acid  it  may  be  made  just  alkaline  with  ammonia 
and  then  just  acid  with  hydrochloric  acid  after  wblch  the  10  drops  of  concentrated 
hydrochloric  add  are  added.  Then  add  10  cc.  of  a.5  per  cent  oxalic  acid.  Ssq 
in  slowly  with  stirring  8  cc  of  30  per  cent  sodium  acetate.  Allow  to  stand  over 
night  at  room  lempeialure  or  shake  vigorously  for  ten  minutes.  Filter  oS  tlie 
precipitate  of  calcium  oxalate  on  a  small  paper  and  wash  free  from  chkndcc 
with  0.5  per  cent  ammonium  oxalate  solution.  The  precipitate  may  then  be 
dried,  ignited  to  constant  weight  and  weired  as  calcium  oxide  or  it  may  be 
manipulated  volumetrically  as  described  below. 

Volumetric  Procedure. — If  free  from  uric  acid  the  calcium  oxalate  predpittte 
may  be  washed  ttiree  times  with  distilled  water,  filling  the  filter  about  two- 
thirds  fiUl  and  allowing  it  to  drain  completely  before  adding  more.  A  hole  li 
made  in  the  paper  and  the  calcium  oxalate  washed  into  the  flask.  The  Tohme 
of  the  fiuid  is  brought  up  to  about  50  cc.  and  to  cc.  of  concentrated  sdpluim 
acid  added.  Titrate  with  standard  potassium  permanganate  solution  to  a  fink 
color  which  endures  for  at  least  a  minulo. 

Calculation.— One  cc  of  N.  10  permanganate  solution  is  equivalent  tuX 
mg.  of  CaO.    Calculate  the  daily  output  of  caldum  expressed  as  CaO. 

InkrpTttation. — The  average  urinary  excretion  of  calcium  by  nonnsi 
adults  lies  between  o.i  to  0.4  gram  (expressed  as  CaO)  per  day.  Ufa 
dependent  very  largely  upon  the  amount  of  calcium  in  the  diet.  From 
10  to  40  per  cent  of  the  ingested  calcium  ordinarily  is  excreted  bjr  tbis 
channel,  the  greater  part  being  eliminated  by  the  feces.  The  pro- 
portion is  dependent  particularly  on  the  amountof  caldum  in  the  food. 
If  the  calcium  ingestion  is  very  high  the  per  cent  of  the  total  excrelioo 
taking  place  by  way  of  the  kidneys  will  be  low,  and  vice  versa.  As  ci- 
cretion  takes  place  by  way  of  the  intestine  as  well  as  by  the  kidneys  no 
conclusions  can  be  drawn  from  urinary  analyses  alone.  The  excrelioo 
of  calcium  may  be  greatly  increased  in  certain  bone  disorders  as  osteo- 
malacia. In  others  as  in  rickets  the  urbary  excretion  may  be  vMy 
low. 

Procedtire  for  Magnesium.  —Transfer  the  filtrate  from  the  detemunatiM 
of  caldum  as  above  to  a  porcelain  dish,  add  about  30  cc  of  concentrated  nittic 
add  and  evaporate  lo  dryness.  Heat  the  residue  over  a  free  fUun«  imtil  ih* 
ammonium  salts  are  destroyed  and  the  residue  fuses.  After  cooBag  take  dM 
residue  up  with  water  and  a  little  hydrochloric  add  and  filter  if  necessaiy. 
Dilute  to  about  80  cc,  nearly  neutralize  with  ammonia  and  cool.  Add  a  sligU 
excess  of  sodium  acid  phosphate  and  then  ammonia  drop  by  drop  with  contlail 
stirnng  until  the  solution  is  alkaline  and  then  add  enough  more  slowly  iritb 
'Lyman:  Jeuf.  Biol.  Ckcvi.,  %\,  %\\,  \%\%. 
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constant  sdiring  to  make  ttio  solution  contain  one-fourtii  its  bulk  of  dilute 
■nntimnia  (sp,  gr.  0.96).  Allow  to  Stand  ovcT  night.  Filter  and  vash  free  from 
chlorides  wltti  alcoholic  ammonia  solution  (i  part  alcohol,  i  port  dilute  ammoma, 
3  parts  water).  The  predidtate  with  filter  paper  is  indneiated  slowly  and  core- 
foUy  widi  good  snpp^  of  air  to  prevent  reduction,  in  tiie  usual  manner,  and  Ignited 
and  weif^d  as  ihe  pyrophosphate. 

Calculation. — ^To  obtain  the  weight  of  MgO  multiply  the  wei^t  of  magnedum 
pyrophosidiato  by  0.3634. 

Interpretation. — The  daUy  excretion  of  magnesium  by  way  of  the 
urine  usually  amounts  to  between  o.  i  and  0.3  gram  (expressed  as  MgO) . 
The  amount  depends  mainly  upon  the  diet.  Usually  50  per  cent  or 
more  of  the  excreted  magnesium  is  eliminated  by  the  kidneys,  the  re- 
mainder passing  out  in  the  feces.  The  proportion  varies,  however,  and 
it  is  impossible  to  draw  any  conclusions  from  the  urinary  output  alone. 
There  may  be  a  retention  of  magnesium  in  certain  bone  disorders  ac- 
companying a  loss  of  calcium;  in  osteomalacia  for  example.  Thus  the 
excretions  of  calcium  and  magnesium  do  not  necessarily  run  parallel. 

Determination  of  Calcium  in  Ash  of  Foods  or  Feces. — lignite  the  material  in  a 
crucible  to  a  white  ash  and  dissolve  the  ash  with  the  aid  of  a  little  hydrochloric  acid. 
Bring  the  volume  of  the  ash  solution  to  75-150  c.c.  Make  just  alkaline  with  stTOog 
ammonia  added  drop  by  drop  (using  litmus  paper  or  alizarin  as  an  indicator).  Add 
concentrated  HCl  drop  by  drop  until  just  acid  to  litmus.  Then  add  10  drops  of 
concentrated  HCl  (sp.  gr.  i.io),  and  10  c.c.  of  3.5  per  cent  oxalic  add.  Either 
of  two  procedures  may  then  l>e  followed,  (a)  The  solution  is  boiled  until  the  pre- 
cipitated calcium  oxalate  is  coarsely  ccystalliQe,  and  then  an  excess  of  3  per  cent 
ammonium  oxalate  is  slowly  added  to  the  boiling  solution  and  the  boiling  continued 
until  the  precipitate  is  coarsely  crystalline.  (If  but  little  calcium  is  present  nothing 
will  precipitate  at  this  point  and  it  is  not  necessary  to  add  oxalate.)  Or  (6)  the 
flask  closed  with  a  rubber  stopper  is  shaken  vigorously  for  ten  minutes.  An  excess 
of  3  per  cent  ammonium  oxalate  is  then  added.  Cool  to  room  temperature.  Add 
8  c.c.  of  10  per  cent  sodium  acetate  solution.  (In  case  of  ash  of  feces  add  15  c.c.) 
Hie  solution  may  either  be  (a)  allowed  to  stand  over  night  or  (b)  stoppered  and 
vigorously  shaken  for  ten  minutes.  The  caldum  oxalate  is  filtered  oS  on  a  small 
ash-free  paper  and  washed  free  from  chlorides  with  0.5  per  cent  ammonium  oxalate 
sd.ution.  Either  of  two  procedures  may  next  be  followed,  (a)  The  predpitate 
and  filter  are  dried,  burned  in  a  platinum  or  porcelain  crucible  to  constant  weight  as 
CaO.  (b)  The  predpitate  is  washed  three  times  with  cold  distilled  water,  as  given 
under  the  method  for  urine  and  the  oxalate  titrated  with  potassium  permanganate. 

Magnesium  is  determined  in  the  filtrate  from  calcium  just  as  given  above. 

Sodium  and  Potassium 

Detennination  of  Combined  Sodium  and  Potassium.  From  50  to  100  c.c.  of 
urine,  depending  upon  the  specific  gravity,  are  oxidized  in  a  Kjeldahl  flask  with 
nitric  and  sulphuric  acids  as  in  the  Neumann  procedure  for  total  phosphorus  (see 
P"K«  554)-     To  remove  the  sulphuric  acid  as  compVctcVy  a%  ^«wste\e  Vi^'osJlw  -«\^ 
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the  aid  of  a  little  water  to  a  platinum  dish  and  evaporate  to  dryness  over  a  fiee 
flame.  (The  alkalies  are  in  the  form  of  sulphate  and  do  not  volatilize.)  Dissolve 
the  residue  in  hot  water  with  the  aid  of  a  little  dilute  hydrochloric  add.  Heat  to 
boiling  and  add  barium  chloride  solution  until  no  more  precipitate  forms.  While 
still  hot  add  an  excess  of  ammonia  and  ammonium  carbonate.  The  barium  chlor- 
ide precipitates  the  sulphates  and  part  of  the  phosphates:  the  ammonia  in  the 
presence  of  excess  barium  precipitates  the  rest  of  the  phosphates,  and  the  carbonate 
precipitates  the  calcium  and  most  of  the  magnesium,  as  well  as  the  excess  barium. 
Filter  and  wash  the  precipitate  well  with  hot  water  containing  a  few  drops  of  am- 
monia. Evaporate  filtrate  and  washings  to  dryness  and  heat  the  residue  to  dull 
redness  for  a  moment.  Redissolve  in  water  and  treat  again  with  ammonia  and 
ammonium  carbonate  to  remove  any  remaining  alkaline  earth  metals.  Filter  and 
wash  as  before.  Transfer  filtrate  and  washings  to  a  weighed  platinum  diah,  add  a 
few  drops  of  hydrochloric  add  and  evaporate  to  dryness.  Heat  the  residue  gcndy 
to  remove  ammonium  salts  and  then  to  dull  redness  for  a  moment.  Desiccate 
and  weigh.  Reheat  to  constant  weight  which  represents  the  combined  chlorides 
of  sodium  and  potassium.  The  reagents  used  in  the  determination  must  be  tested 
and  found  tree  from  alkali  metals  or  a  correction  made  for  the  alkali  metals  present 
in  the  reagents  used.  The  sodium  b  determined  by  difference  after  potas»um  has 
been  estimated  by  the  method  given  below. 

Potasahim.— Dissolve  the  alkali  chlorides  from  the  preceding  determination  in  a 
little  water  and  add  a  slight  excess  of  ro  per  cent  platinic  chloride  over  that  neces- 
sary to  predpitate  alt  of  the  alkali  present  calculated  as  sodium  chloride  (about  17 
c.c.  being  required  for  each  gram  of  sodium  chloride).  Evaporate  to  a  syrupy  con- 
sistency on  the  water-bath  and  add  about  50  c.c.  of  80  per  cent  alcohol.  Stir 
occasionally  for  a  few  minutes.  This  operation  must  be  earned  out  in  the  absence  of 
ammonia  vapors.  Filter  through  a  weighed  Gooch  crudble,  washing  the  predpi- 
tate with  80  per  cent  alcohol  first  thoroughly  by  decantation  and  then  on  the  filter, 
for  some  time  after  the  filtrate  is  colorless.     Dry  at  iio-H5''C.  and  weigh. 

CalculalwH. — Multiply  the  weight  of  potassium  platinic  chloride  by  o.ig4i  to 
obtain  the  amount  of  KiO  present.  Express  as  KCI  by  using  instead  of  this  factor 
the  factor  0.307 1 3.  Subtract  from  the  neight  of  total  alkali  chlorides  as  determioed 
in  the  preceding  method,  the  weight  of  potassium  chloride  as  calculated  and  obtain 
the  amount  of  sodium  chloride  present. 

InlerprftaHon.—'Thf:  average  alkali  excretion  of  an  adult  on  a  mixed  diet  is  about 
1-3  grams  of  potassium  expressed  as  KiO  and  4-6  grams  of  sodium  expressed  u 
NaiO.  The  ratio  of  Na  to  K  is  thus  about  5: 3-  Both  the  ratio  and  the  absolute 
amounts  of  these  elements  excreted  are,  however,  largely  dependent  upon  the  salt 
content  of  the  diet.  Because  of  the  non-ingestion  of  sodium  chloride  and  the 
accompanying  destruction  of  potassium-containing  body  tissues,  the  urine  during 
fasting  contains  more  potassium  than  sodium  salts.  The  excretion  of  the  bases, 
particularly  K,  niay  be  increased  in  fevers  and  in  addosis. 

Iron 

Method  of  Wolter.' — Principle. — -The  urine  is  ashed,  the  ash  dissolved,  and  the 
iron  present  oxidized  to  the  ferric  form  by  means  of  hydrogen  peroxide.     The  iron  is 
then  determined  iodo metrically. 
'  U'oJter:  Biock.  Zeil.,  14,  io8,  \q\e.. 
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Procedure. — The  a4-hour  specimen  of  urine  is  treated  with  30  c.c.  of  concen- 
inted  iron-free  nitric  add  and  then  evaporated  to  low  volume  in  a  large  evaporating 
dish  on  the  water-bath.  Transfer  to  a  small  evaporating  dish.  Heat  to  dryness  on 
the  sand  bath  and  then  char,  using  a  small  flame.  Transfer  the  charred  mass  by 
means  of  a  glass  spatula  to  a  crudble.  The  remaining  material  in  the  evaporating 
dish  is  transferred  with  the  aid  of  a  little  hot  water  and  a  rubber  "policeman"  to  a 
second  crudble.  Evaporate  to  dryness  on  the  water-bath  and  then  ash  the  material 
in  both  crudbles.  Dissolve  the  ash  in  about  30  c.c.  of  iron-free  hydrochloric  add, 
transfer  to  an  Erleumeyer  flask,  add  3  c.c.  of  hydrogen  peroxide  and  boil  for  three- 
quarters  of  an  hour.  After  cooling,  :  grams  of  potassium  iodide  and  a  few  drops  of 
fresh  starch  paste  are  added.  The  liberated  iodine  is  titrated  with  N/100  thiosul- 
phate  solution.  Controls  should  be  run  on  reagents.  A  correction  of  0.32  mg.  is 
usually  necessary  for  the  undecomposed  hydrogen  peroicide.  The  thiosulphate  solu- 
tion is  made  up  as  needed  from  an  N/ro  stock  solution  by  dilution.  It  is  standard- 
ized against  an  iron  solution  containing  2  mg.  of  iron  in  10  c.c.  The  number  of 
cubic  centimeters  of  thiosulphate  used  in  titration  of  the  iodine  set  free  from  the 
ash  solution  is  multiplied  by  the  iron  equivalent  of  i  c.c.  of  the  thiosulphate  (about 
0.3  mg.)  to  obtain  the  total  amount  of  iron  in  the  14-hour  specimen  of  urine.  From 
i-S  mg.  of  iron  are  usually  excreted  per  day. 


CHAPTER  XXVII 

METABOLISM 

Metabolism  is  a  part  of  that  complex  series  of  processes  grouped 
together  under  the  head  of  Nutrition.  It  embraces  a  consideration 
of  those  changes  taking  place  in  the  body  other  than  those  customarily 
c]assi£ed  as  secretion,  digestion,  excretion,  etc.  Metabolism  may  be  de- 
fined as  all  chemical  and  physical  changes  which  occur  in  living  matter 
and  which  constitute  the  basis  of  the  material  phenomena  of  life.  This 
conception  of  metabolism  holds  for  the  simple  individual  cell  of  the 
amceba  as  well  as  for  the  complex  mechanism  of  the  humanbody.  There 
are  two  types  of  metabolism,  one  constructive,  the  other  destructive. 
The  constructive  metabolism  is  termed  anabolism;  the  destructive 
metabolism  is  termed  catabolism. 
Thus: 

Anabolism  (constructive  metabolism). 

Catabolism  (destructive  metabolism). 


Metabolism 


In  general  we  may  say  that  the  main  bulk  of  the  food-stufiEs  of  the  diet, 
»'.«,,  protein,  fat  and  carbohydrate,  is  transformed  in  the  gastro-in- 
testinal  tract  and  that  the  end-products  of  this  transformation  arc 
carried  to  the  cells  of  the  body  and  there  built  up  by  anabolic  (synthetic) 
processes  into  cell  structure  or  stored  as  a  reserve  to  be  used  as  required. 
All  living  cells  undergo  wear  and  tear  in  the  course  of  their  life  cycle. 
By  catabolic  (cleavage)  processes  therefore  a  portion  of  the  living  cell 
substance  or  of  the  stored  material  is  reduced  to  simpler  fragments  and 
these  are  eliminated  from  the  body  after  having  yielded  the  bulk  of 
their  energy  in  the  form  of  heat  or  mechanical  work.  It  is  apparent, 
therefore,  that  the  chemical  side  of  metabolism  is  closely  associated 
with  the  physical  side.  Each  of  the  three  types  of  food-stuffs  (protdn, 
fat  and  carbohydrate)  is  concerned  with  the  upkeep  of  the  tissues  and 
with  the  liberation  of  energy.  It  is  true,  however,  that  the  main 
burden  of  the  upkeep  falls  upon  the  proteins  whereas  the  combustion  of 
fats  and  carbohydrates  yields  the  major  portion  of  the  required  energy. 
The  [i}n)\c  facts  are  embraced \t\  ft\e  lo\\(j"*mv^«:l\sme: 
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THE  CELL 


.^'^- 


PROTEIN,    FAT, 
CARBOHYDRATE 


END-PRODUCTS 


COMBUSTION 

Without  doulft  both  anabolic  and  cataboUc  processes  are  going  on  in- 
cessantly within  every  individual  living  cell.  At  one  time  the  anabolic 
phase  will  be  more  prominent;  at  another  the  catabolic  activity  will  be 
in  the  ascendency.  It  should  also  be  borne  in  mind  that  metabolism 
implies  a  transformation  of  energy  as  well  as  an  exchange  of  materials. 

For  further  brief  discussions  of  certain  phases  of  metabolism  see 
the  following  experiments.  A  detailed  discussion  being  out  of  place 
in  this  volume,  the  reader  is  referred  to  the  following  books: 

(i)  Taylor's  "Digestion  and  Metabolism,"  Lea  and  Febiger,  1912. 

(2)  Sherman's  "Chemistry  of  Food  and  Nutrition,"  Macmillan. 

(3)  Osier  &  McCrae's  "Modern  Medidne,"  Vol.  U,  Second  Edi- 
tion, 1914,  Lea  and  Febiger.  The  author's  section  on  "General  Con- 
sideration of  Metabolism, "  pages  549-673. 

METABOUSM  EXPERIMENTS 

I,  MatabalismProceduresInvolTiiigtheManqnilatioaofthe Urine 

I.  Ccdlection  and  Preservation  of  the  Urine. — In  metabolism  tests, 
such  as  those  given  in  this  chapter  the  accurate  collection  of  the  urine 
for  the  exact  24-hour  period  is  of  the  utmost  importance.  Proceed  as 
follows:  Empty  the  bladder  at  a  given  hour,  e.g.,  8  a.m.  and  discard  the 
urine.  Prepare  a  thoroughly  clean  bottle  of  proper  size,  introduce  into 
it  sufficient  toluene  to  cover  the  bottom  of  the  botUe  and  use  this  bottle 
for  the  collection  of  all  urine  voided  from  8  a.m.  until  8  a.m.  the  next 
day.  During  the  day,  when  not  actually  in  use  for  the  introduction 
of  a  urine  fraction,  the  bottle  should  be  kept  in  a  refrigerator  or  cold 
room  in  order  that  the  sample  may  not  deteriorate  before  it  is  examined. 
Measure  the  volume  of  the  sample  and  determine  its  specific  gravity 
(see  Chapter  XXI)  and  reaction  before  proceeding  to  the  quantitative 
estimation  of  any  specific  urinary  constituents. 

a.  Complete  Anatjais  of  Uriae. — ^Ingest  on  oidinaiy  mixed  diet  (or  any  spedal 
diet)  and  coUect  tbe  urine  accurately  for  a  a4-hour  period  (see  above).  Measan 
diB  volume  of  tfae  sample,  determine  the  specific  gntri^  and  preserve  the  oiine 
(Me  above)  until  Oie  following  constituents  have  been  detennined  (for  Methods 
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of  Aiuilysts,  see  Chapter  XXVI).    Total  solids,  titralable  aciditr,  hydrogen  ion 
concentration,  total  mtrogen,  amino-acid  nitrogen,  ammonia,  urea,  uric  acid, 
creatinine,  total  sulphur,  ethereal  sulphates,  inorganic  sulphates,  neutral 
(by  difference)  total  phosphates  and  sodium  chloride. 

Calculate  the  nitrogen  and  sulphur  "partitions,"  i.e.,  the  pereenUfe 
total  nitrogen  and  suiphur  wliich  occur  in  the  different  fonns  and  tibtikt*  Um  data 
from  the  complete  analysis.  Compare  your  remits  with  those  listed  in  the  table 
OD  pages  J7I  and  578. 


Isu^i^m 

»  of  off 


3.  Hyperglycemia   Produced   by   Carbofaydrate  Ingestion.—' 

average  glucose  content  of  norma!  blood  is  somewhat  less  than  o.i  per 
amt.  This  is  increasc<l  (h>-pcrglyccmia)  on  the  ingestion  of  carbo- 
hydrate food.    The  increase  is  noted  more  quickly  after  the  ingestioQ  of 


M 


Fis.  iAq.— Blood  SuoAB  AS  iMFLtn^vcESBV  Diet. 
A  —  glucosei  B  -  »tarcb; 
C  -  starch  ami  fatj  D  -  fat. 


monosaccharides  than  after  the  ingestion  of  the  more  complex  carbo- 
hydrates. After  the  ingestion  of  100  grams  of  glucose  or  starch  an 
increase  in  the  sugar  of  Uie  blood  sometimes  occurs  in  five  minutes.' 
{See  Fig.  169.) 

(a)  Influence  of  Glucose.  -In  the  mornlns  before  breaktett,  or  throe  to  five 
hours  after  breakfast,  detenninethenonnalsugar  content  of  your  Mood  bjmeani 
of  some  accurate  micromethod.  (See  Chapter  XVI.)  Ingest  too  grami  of 
glucose  dissolved  in  350  c.c.  of  water,  and  again  determine  the  blood  sugii 
level  at  intervals  of  5,  15  and  jo  minutes  and  one,  two  and  three  hotirs.  fPioi 
a  curve  similar  to  the  one  &howa  in  Pig.  169.  The  urine  may  also  be  1 
for  sugar  at  intervals  of  one  hour  after  the  sugar  ingeetioo. 

Repeat  the  experiment  on  another  day  using  25°  grams  of  glucose  and< 
pare  the  results  with  those  obtained  after  the  ingestion  of  100  grams, 
your  findings.     If  desired  this  experiment  may  he  combined  with  the  ones  OS 
"Alimentary  Glycosuria,"  and  "  Carbohydrate  in  Feces,"  see  pages  568  and  j 

'Jtatbton:  Btach.  Zeit.,  56,  471,  i^v). 
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(b)  Influence  of  Surch-^-Repeat  the  expenment  as  giv«n  above  foi  glucose 
except  that  170  grams  of  white  bread  or  100  grams  of  starch  made  ioio  a  paste' 

,  aie  substituied  for  the  100  grams  of  glucose. 

I       The  experiment  may  be  repeated  as  described  above  using  an  increased 
amount  of  starch. 

The  various  experiments  may  be  conducted  on  patients  suffering  from  dia- 
betes mellilus  if  such  are  svaikble  and  instructive  data  collected.  The  alimen- 
tary hyperglycemia  will  generally  be  more  prolonged  than  in  the  case  of  normal 
subjects. 

L        4.  Influence  of  Physical  Exercise  upon  Blood  Sugar.— After  strenuous  physical 

F  exertion  by  a  notm.iUy  nourished  individuiil  there  is  an  incmsc  in  the  lugar  concen- 
tration of  Lhc  blood.'     Similar  increases  arc  not  shown  by  resting  iDdi\'>duals  )>imt>i 
tally  nourished  nor  by  fasting  individuals  nfler  strenuous  physical  exercise.     This' 
punt  is  illustrated  in  the  following  protocol: 

INFLCENXE  OF  PHYSICAL  EXERCISE  OX  BLOOD  SUGAR  (Normal  Man) 


Day 

EiperimentaJ  condi  lions 

Keod 

■xamlncd, 
hour 

Blood 
percent 

Normal. 

7  A.M. 

1 

0.043 

t 

Marched  Smiles  ia  3bours;ate  100  grams  sucrose. 

11  .A.  M. 

0.080 

L, 

Normal. 

7  A.M. 

°  04s 

II^ 

Cen^te  test;  ate  200  grams  sucrose. 

ta  A.H. 

0  055 

Fasting  and  complete  rest. 

7  A.M. 

0.047 

i 

Fasting  and  complete  rest. 

11A.M. 

0.04s 

Fasting. 

7  A.  M. 

0-047 

4 

Pasting  and  i-hour  marcli  (S  milct). 

!  i»  A.  M. 

O.Ojt 

'  increiue  in  blood  nugar  under  the  influence  of  exercise  occurs  rather  sooner  in 
the  diabetic  organism.     Typical  data  follow: 

Experiment. — Ingest  a  simple  uniform  diet  (see  Experimeiil  i4,  page  54^)  for 
five  days  taking  the  iirsl  mciU  after  13  o'clock  (noon)  and  the  last  one  before  10 
P.  U.  On  the  morning  of  the  second  day  (7  A.  M.)  determine  the  sugnr  in  your 
blood  (see  mclhiHls,  C-hapter  X\'I).  .\bout  throe  hours  later  lake  a  brisk  walk 
for  8  miles  covering  the  distance  in  about  two  hours  and  cunsumi?  aoo  fframs 
sucrose  during  the  walk.  Make  a  second  analysis  of  the  blood  sugar.  On  the  third 
day  analyze  your  blood  for  sugar  al  7  A.  M.  and  again  at  noon,  remaining  qitiel  in 
the  meantime.  The  fourth  day  should  be  passed  without  ph>-sical  exertion  uhcrvas 
on  the  second  day  between  10  A.  M.and  13  M.  a  brisk  3-milc  walk  is  taken  but  no 

'  In  nsking  aiarch  paste,  lub  up  the  drj'  starch  In  a  moitu  with  cold  water  and  pour  the 
(Upended  starch  K'snules  iniu  boiling  water  and  atir. 
*  Mocactewski;  Bioek.  Ztil.,  71,  itIS,  1915. 
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sucrose  ingested.    Sugar  analyses  should  be  made  at  7  A.  M.  and  13  M.  each  day, 
INFT.UENCE  OF  EXERCISE  ON  BLOOD  SUGAR  (Diabetes  PaUcnt) 


Day 


Blood 

eiBmined, 

houi 


Blood] 

sugar, 

per  I 

cent  ' 


Experimental  couditioni 


I    8  A,  M.    Ia.061   I  Rest.     Diet  consisting  of  1500  grams  milk.joo  grams 


breat 

1,  50  grams  fat. 

.   8  A.  M. 

,0.  no 

El^t-mile  march  (t  hours). 

Diet  as  above. 

9 

3  P.M. 

0.08s 

,   8  A.  M. 

lo.oss    Rest. 

Diet  as  on  first  day. 

3 

'   3  P-  M. 

a .  050     Rest. 

Diet  as  on  fiist  day. 

8  A.  M. 

0.050     Rest 

Diet  as  on  first  day. 

4 

1   3  P.  M. 

'005s 

Rest. 

Diet  as  on  first  day. 

8  A.  M.    '0.084    Eight-mile  march  (2  hours).    Diet  as  on  first  day. 


Calculate  your  results,  tabulate  them  and  compare  them  with  those  given  above. 

5.  Alimentary  Glycosuria. — Noimal  uiine  contains  a  tnce  of  glucose  but  not 
enough  to  pennit  detection  by  the  ordinary  tests  used  in  aiinaiy  uudysiB.  If 
more  glucose  is  ingested  than  can  be  absorbed  and  assimilated  by  the  body  the 
excess  will  be  elimiiuited  in  die  urine.  The  "asslmilatton  limit"  for  die  glucose 
has  been  exceeded,  and  a  transient  alimentary  glycosuria  results.  To  demm- 
stiate  this,  glycosuria  proceed  as  follows:  Before  breakfast  or  luncheon  en^ 
the  bladder  and  lest  the  urine  for  sugar  by  any  reliable  teat  (see  Chapter  "■■■1 
If  &e  test  is  negatiTe,  ingest  along  with  the  other  articles  of  diet,  35a  grant  of 
glucose,  sucrose,  or  lactose  dissolved  in  water.  Empty  the  bladder  at  fiw  enl 
of  every  hour  for  a  period  of  three  hours  and  test  the  urine  fOT  reducing  sogu 
and  the  sugar  ingested. 

Was  there  any  glycosuria  and  if  so  how  soon  after  the  sugar  ingestion  did  it 
appear?  If  no  glycosuria  resulted  repeat  the  test  on  a  subsequent  day  usiiii 
a  larger  quantity  of  sugar.  If  desired,  the  sugar  in  die  urine  may  be 
determined  quantitatively  by  one  of  the  methods  given  in  Chapter  ZZVI. 

This  experiment  may  be  made  more  complete  by  making  determinations  of 
blood  sugar  at  short  intervals  as  described  in  Experiment  3,  page  566.  If 
desired,  data  on  glycosuria,  hyperglycemia  and  carbohydrate  in  feces  (page  591) 
may  be  collected  from  one  experiment 

6.  Absorption  of  Carbohydrate  as  Influenced  by  Fat  Ingestion. — When  fat  is 
eaten  along  nith  carbohydrate  food  the  absorption  of  the  latter  is  somewhst 
delayed.  This  has  been  shown  experimentally.'  To  demonstrate  the  point  pro- 
ceed as  follows:  Determine  the  content  of  sugar  in  the  blood  at  various intervali 

'  Jacobson:  Biock.  Zcil.,  56,  471,  iqij. 
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after  th«  ingestion  of  170  grams  of  white  bread  as  described  in  Kxpcriment  3(b). 
I»KC  567.  P!oi  a  curve  fur  these  values  similar  to  the  one  shown  in  Ftg.  169.  page 
S46.  OaniatcrdAyrcpcai  the  cxperinoent  and  ingest  170  grams  of  white  bread  and 
85  grams  of  butter.  Plot  the  curve  for  these  blood  sugar  concentrations  along  with 
blood  Kugar  viUtic*  obtninei!  after  the  mge»tion  of  white  bread  ai  clMcrilied  above. 
Has  the  fat  exerted  any  iuiluciice  upon  the  absorption  of  the  caibohydratc?  Re- 
peat the  above  experiment  on  a  oue  of  diabetes  melljtus  if  such  is  available  and 
ootc  that  fat  exerts  the  same  influence  upon  carbohydrate  absorption  as  it  exerts  in 
the  normal  human  body. 

7.  Time  Relations  of  Protein  Metabolism. — It  is  a  well-known 
physiological  fact  that  an  interval  elapses  between  the  ingestion  of  protein 
food  and  the  appearance  in  the  urine  of  certain  products  representing  the 
consplete  catabolism  of  this  food.  For  example,  if  one  Ingests  an  excess 
of  protein  material  an  interval  elapses  before  the  urine  gives  evidence 
of  the  complete  excretion  of  certain  products  representative  of  the 
catabolism  of  the  protein.  Urea  is  the  chief  of  these.  The  tcnn  "  nitro- 
gen lag"  has  been  used  to  designate  the  period  elapsing  between  the 
ingestion  of  protein  and  the  excretion  in  the  urine  of  a  quantity  of 
nitrogen  equivalent  to  that  contained  in  the  protein. 

Experiment. — Ingest  a  simple  uniform  diet  whose  exact  composition  has  been 
determined  by  analysis  or  whose  spprozimaie  composition  has  been  estimated. 
(See  table  below.)  Continue  this  diet  from  one  to  four  days.  Collect  the 
tuine  in  two-ta<mr  periods  from  7  A.M.  to  11  P.M.  and  in  an  eight-hour  period  be- 
tween 1 1  P.  M.  and  7  A.  M.  Analyze  each  specimen  for  total  nitrogen  or  urea. 
At  the  end  of  this  preliminary  period  add  to  the  uniform  diet,  at  one  meal,  a 
weighed  quantity  (150-250  grams)  of  lean  meat  specially  prepared  and  analyzed. 
C^ect  the  urine  in  periods  as  before  and  determine  total  nitrogen  or  urea. 
Calculate  the  total  nitrogen  or  urea  excretion;  tabulate  the  data  and  plot  curves 
showing  the  course  of  the  nitrogen  eicredon  on  the  various  days  of  the  experi- 
ment.   Uow  long  was  the  "nitrogen  lag?" 

^V  COMPOSITION  OF  COMMON  POODSi 


IDwd 

WaMT 

^Xfcai) 

r« 

AA 

CaloriMMr 

ponna 

BmI 

t 

Loin 
Rita 

Round 

P«r«eot 
St. a 

1)0 

Oi.s 

F«««at 

ii.a 
•0.9 

NtMBi 

■«.4 

Pw<«l 

^ " 

PBOtOt 
■  -« 
0.9 
1,1 

lis 
Sli 

Muxum 

Shonlder 

01. 1 

IS. ft 

le.j 

13' 
•■■4 

■  >.o 

O-l 

I.I 

I.O 

1641 
*6i 
90s 

Smatbraulm 

T*.ff 

16.  s 

II.  I 

1.6 

SM 

Uv«f 

6s. 6 
b»  S 

ao.) 

J.I     1        >.s 

i-J 

SJi» 

B«rt 

■6.0 

)«.« 

1 .0 

IIJJ 

Tons** 

70.1 

)■.» 

g.i 

i.ft 

T<» 

Bnin 

S«.6 
40.1 

S.S 

»■! 

5M 

HaH 

»i.i 

II. D 

s.a 

■aW 

I 


^ShtraiBa^  "Food  ProducU,"  Macmiilan.  1914. 
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Food 


W«t« 


Protein    ' 
(NX6.JJ) 


PM 


Cubo- 
ihydnto 


Adi 


I  CaloiMi 


Chicken 

Broiler* 
Fowl 

Percent 
74" 
6j,T 

Percent 

II. 5 
19.3 

Percent 
i.l 

16.3 

Percent 

Percent 
1. 1 

I.O 

4M 

IOI6 

Piih 

Halibut 

Salmon 

7S.4 
64.6 

■  8.6 

11.0 

5.1 
11.8 

I.O 

'■4 

S50 
Pit 

Cere»li 

Oatmeal  (boiled) 
Rice  (boiled) 
Shredded  Wheat 

«4-i 

71. S 

R    T 

1.8 

3.8 

10.5 

o.S 
0. 1 
t.4 

II  .5 

14.4, 
77.9' 

0.7 

0.1 

I.I 

ilo 

lite 

Cracken 

Graham 
Oatmeal 
Soda 

S-9 

10. 0 

II. 8 
9.8 

9.4 
II. I 

9.1 

73.8' 

bg.o' 
73.1' 

1. 1 

1904 
Iglo 
1875 

Bmul 

White 
Graham 

35.3 

3S-7 

9.1 
8.9 

1.3 

1.8 

53.1' 
51. 1' 

I.I 
I.J 

1181       1 
tl8«       1 

Potetoei 

Boiled 
Maihed 
Chips 
Sweet 

7S-J 

7S.I 

1.  J 

SI  9 

J.J 
a. 6 
6.8 
3.0 

0.  1 
3.0 

30.8 

1.  I 

10. g' 

4a.  I 

1.0 
1.5 
4. J 
0.9 

410 
493 
1J9* 
901        1 

Ec8*0>en) 
Milk 

White 
Yolk 

Satire  edible  por- 
tion. 

M.i 
49-5 

73-7 

II. 3 

15.7 

13.4 

o.a 
33.3 

10. 5 

0.6 
I.I 

I.O 

131 
1643 

«7I 

■l.o 

3-3 

4-0 

so 

0.7 

ju     ! 

Batter 

U.7 

l.J 

84.0 

I.O" 

M30     .| 

Peanut  butter 

>.i 

19.  J 

49.5 

17.1 

S-0 

IT4I 

Soupa 

Tapioca  puddini 

Conaommt 

Tomato 

Pea 

■  96.0 
90.0 

I-S 
1. 8 
J.6 
I.I 

7.9 
JO 

I-I 

i.S 
I.) 
I.S 

53       1 

'    I.I 
0.7 
a.S 

179        1 
»> 
141        ' 

94.5 

3   3 

J.J 

iB.l 

O.S 

J0> 

Dmiffhouti 

i«.i 

6.7 

11  .0 

S3- 1' 

0.9 

194) 

Ginser  (nape 

6.3 

9.5 

S.6 

76.0' 

1.6 

184a 

Pea)  (cooked) 

73.8 

6.7 

3.4 

14.6 

IS 

US 

Lettuce 

94.7 

I. a 

0,3 

1.9' 

0.9 

87 

Apple* 

«4.6 

0.4 

O.J 

14.1' 

0.3 

IBS 

OnugM 

«e9 

0.8 

O.J 

II. 6 

o.S 

131 

7S.3 

1.3 

0.6 

aa.oi 

0.8 

447 

Pig. 

Sandwiches 

ciifcken 

0) 

79.1 

IS 

IS. 8 

0.6 

3N 

41.4 
4S.S 

96 
11, J 

II. 7 
5-4 

34. s 

3a.  1 

1. 8 

1. 7 

1310       ' 
I016 

Chiwe  (America 

30.0 

a8.8 

359 

0.3 

SO- 

ipgo 

A  less  accurate  experiment  than  the  above  but  one  which  yields 
interesting  (iata  may  be  carried  out  as  follows: 

Ingest  a  simple  diet  whose  nitrogeD  content  can  be  estiniated  widi  some 
degree  of  accuracy  (see  table  above).  Collect  ttie  urine  in  two-hoar  periods 
from  7  A.  M.  to  11  P.  M.  and  in  an  eight-hour  period  from  11  P.  U.  to 

'Percentage  of  fiber,  included  under  carbohydrate:  shredded  wheat  (1.7),  Gnhsffl 
cracken  (1.5),  oatmeal  crackers  (i.g),  soda  crackers  (o,^),  white  bread  (0.5),  Grslisiii 
bread  (i.i),  boiled  potatoes  (0.6),  doughnuts  (0.7),  ginger  snaps  (0.7},  lettuce  (0.7)1 
apples  (1.2),  bananas  (i.o). 

■Including  salt. 

'Including  salt  and  sugar. 
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7  A.  M.  and  «n«lyi«  for  total  nitrogen  or  urea.  The  next  day  ingest  the  same  diet 
plus  iso-iso  grams  of  lean  meat  whose  nitrogen  content  has  been  determined  by 
analysis  or  estimated.  Collect  the  urine  as  upon  the  previous  day  and  determine 
its  total  nitrogen  or  urea  content.  Plot  curves  showing  the  course  of  the  nitrogeo 
or  urea  eicretion  on  each  of  the  days.  How  soon  after  the  ingestion  of  the  Urge 
Quantity  of  moat  did  you  note  an  increase  in  the  nitrogen  or  urea  excretion? 
How  many  hours  after  the  meal  was  the  maximum  quantity  of  nitrogen  or  urea 
excreted? 

8.  Infltience  of  Purine-free  and  High  Purine  Diets.— The  uric  acid 
of  the  body  has  a  two-foid  origin,  i.e.,  it  may  arise  from  the  metabolism 
of  the  purine  (nuclein)  material  of  body  tissue  (glandular  organs  in 
particular)  or  it  may  arise  from  the  ingestion  of  purine  (nuclein) 
material.  Thai  uric  acid  which  arises  from  the  first  source  is  called 
endogenous  white  that  which  arises  from  the  second  source  is  termed 
exogenous.  Secretory  activity  may  also  act  to  increase  the  endogenous 
uric  add  output.  Theurinewill  therefore  contain  uric  add  even  though 
BO  precursor  of  the  acid  be  ingested.  We  may  abo  increase  the  uric  acid 
output  markedly  by  ingesting  a  high  purine  diet.  However,  no  matter 
how  much  purine  material  is  eaten  only  a  small  part  of  this  purine 
material  reappears  in  the  urine  as  uric  acid.  In  gout  it  is  claimed 
there  is  an  accumulation  of  uric  acid  in  the  blood  due  to  the  fact  that 
the  kidney  has  last  the  ability  to  maintain  the  normal  blood  uric  acid 
level.  In  this  disease  the  excretion  of  uric  acid  may  be  low  before  an 
attack  and  increase  considerably  during  an  attack.  The  excretion  of 
exogenous  uric  add  in  gout  is  also  much  slower  than  normal. 

Experiment. — Ingest  a  purine-free  diet  containing  about  16  grams  of  nitrogen 
and  consisting  of  egg,  cheese,  milk,  starch,  fruit,  sugar  and  water  for  a  period 
of  two  days  (for  purine  content  of  foods,  see  table,  page  57a).  Determine  or 
estimate  the  nitrogen  content  (see  table,  page  569I  and  during  the  next  two 
days  substitute  sweetbreads,  thymus  or  liver  for  all  the  nitrogen  of  the  diet 
mainlaining  the  calorific  value  of  the  diet  the  same  as  before.  Return  to  the 
origLoal  purine-free  diet  for  a  third  interval  of  two  days.  During  the  final  period 
of  two  days  feed  a  diet  of  sweetbreads  or  liver  containing  50  per  cent  more 
nitrogen  than  that  of  the  first  sweetbread  period.  Collect  the  urine  for  each 
of  the  eight  days  of  the  experiment  and  determine  uric  acid,  and  total  nitrogen 
or  urea.  Note  the  rise  in  the  uric  acid  output  during  the  sweetbread  periods. 
The  uric  acid  output  on  the  purine-free  diet  is  endogenous  in  origin.  Tabulate 
your  results.  The  following  data  were  secured  by  Taylor  and  Rose'  in  a  simitar 
but  much  more  carefully  controlled  test  than  that  just  outlined. 

>  Taylor  and  Rom;  Joirr.  Biol.  Cham,,  14,  419,  rgi}. 
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INFLUENCE  OF  POWNE-FREE  AND  HIGH  PURINE  DIETS 
(Dmily  Output) 


Urinary  constituents  determined 

(grams) 

Purine-free 
diet 

Purine  diet 
(medium] 

Purine  diet 
(iocreued) 

Purine-fne' 
diet      1 

1 

Uric  add 

D.09 

0,14 

a.  14 

0.07 

8.9 

8.7 



9' 

8  8       ' 

UreaNC+NH,) 

7.3 

7.1 

71 

7 -OS      1 

'■S7 

>49 

1. 51 

PURINE  CONTENT  OF  FOODS' 
(Percent^e  purine  base  nitrogen) 


Food 

Analyzed  by 

1           Analysed  by 

Vogel» 

1 

'  Bessau 
HaU'  '     and 
jSchmid* 

Food 

VogeP 

1 

HaU>        and 

Schmid' 

0.059     0.051 

0.037 

Lettuce 

1 

Li«r 

1 
0.099     O.IIO 

0.0m 

Mutton 

1 

0.036        Ttvf.  hr^Arl.    . . 

..'  O.0t4 

1 

Tongue. 


□  .05s    !WIiitebread 0.008    Hone.    Vom. 


IChicken. 


0.039      MUk 0.0002 


IToot. 


iTbrmuB. 


0.398*0.403     0.330     lEgfs None.     Hone. 


RuiK. 


iCodfish 0.040     0.033  j  0.038     .Cheese a.0004 


lT<ne. 


Potatoes o.ooi 


0.0007.  0.009      Rice 


o .  0004 ;  None.     Roae. 


Celery ,  o.ooj      Tapioca. 


ITooe. 


iPeas 0.016  !  0.016  I  0.018      Oatmeal. 


:iTait. 


Spinach. 


0.033  { 0.034     I  Onions. 


Haw- 


Hominy. 


0.004  : TonutoeB. 


Hooe. 


_  _ l_' 

■  Other  purine-free  foods  not  listed  here  ate/ruifi,  butttr,  tream  and  starch. 

'Vogel:  Miiiich.  mrd.  Woch.,  58,  3433,  19H, 
'Ilall:  "The  Purine  Bodies,"  Philadelphia,  1904. 
•ifessau  and  Schmid;  Theraf.  Mon<ilsch,,MMc\i,i<ito. 
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9.  A  Study  of  Endogenous  Uric  Add  Output— The  uric  acid  in  the 
urine  is  said  to  have  two  sources,  *.«.,  from  the  purine  material  of  the 
tissues  and  from  the  purine  material  ingested.  Thelorm.ei  isettdogenous 
uric  add,  the  latter  exogenous  uric  add.'  The  output  of  uric  add 
on  the  purine-fiee  diet  in  Experiments  571  and  574  is  endogenous. 


S9  lOII  tn  2  3  4f  C7  8  9  (HOURS) 


Fio.  170 — hutLVEttcz  o»  Pbotbdj  Ingestion  on  Endooznohs  Ubic  Acid  OtrcPDT. 
Gluten  (130  Grams)  inoestbd  at  i  P.M.  (Jf«ndal  &■  StMe:  Jow.  Biel.  Chttii.,  tt,  arj, 
I9IS-) 

Mares^  daims  that  food-stuSs  act  to  increase  the  endogenous  uric 
add  ou^ut  by  stimulating  the  digestive  glands  to  activity.  A 
similar  finding  is  reported  by  Mendel  and  Stehle.'  The  food-stuff 
having  the  most  pronounced  influence  was  protein.  Pilocarpine 
which  stimulates  the  digestive  glands  was  found  to  increase  the  endog- 
enous uric  acid  output  whereas  atropine  which  inhibits  secretory 
activity  was  found  to  decrease  the  output  of  endogenous  uric  add. 


:fe3o 
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Fio.  i7i^The  Endogenous  Uric  Actd  Output  dubinc  Fasting.    (Mendel  6"  SteUe: 
Jour.  Biol.  Ckem.,  la,  215,  1915.) 

The  influence  of  protein  upon  the  endogenous  uric  add  excretion  is 
shown  by  the  chart  in  Fig,  170.  The  fasting  output  by  the  same 
individual  is  shown,  for  comparison,  in  Fig.  171. 

.Sxperimeat — Ingest  a  purine-free  diet  consistmg  of  milk,  egg,  fniit,  cheese, 
butter,  Bugar  and  bread  for  one  day.  Continue  the  diet  for  breakfast  and  lunch- 
eon the  next  daj  but  eat  nothing  after  13  o'clock  noon,  until  13  o'clock  nooa  the 

'  Burian  aod  Schur:  Zeil.  physiol.  Ckem.,  43,  533, 1904-5. 
'Mares;  Arck.f.  d.  ga.  Physiol.,  134,  59,  igio. 
'Mendl  andd  Stehle:  Jcur.  Biol.  Chtm.,  aa,  ai;,  iqis. 
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following  da;,  i.e.,  the  lluid  da;  of  the  experiment.  At  that  time  ingest  135-150 
grams  of  gluten  or  some  other  purine-free  protfrm  prepantion.  Oa  the  (oaith 
day  of  the  experiment  eat  nothing  until  9  P.  H. 

Collect  the  urine  each  day  in  hour  periods  from  7  A.  M.  to  9  P.  M.  and  aoaljm 
for  uric  add  (see  methods  in  Chapter  XXVI).  Chart  your  data  similarly  to 
those  ahowu  in  Figs.  170  and  171,  page  573,  and  compare  them  with  [heaodings 
there  recorded. 

10.  The  Rate  of  Purine  Excretion.— The  purine  nuterial  mgested 
by  the  .ivcrage  normal  person  and  which  is  not  transformed  in  the  body 
will  be  eUminatftl  in  about  24  hours.  In  the  case  of  personal  afflicted 
with  gout  the  purine  ehmination  is  delayed.  The  establishment  of  this 
delayed  purine  ehmination  is  often  of  diagnostic  a&sistance. 

Demonstrate  the  rate  of  purine  excretion  as  followe :  logest  a  purine-frM 
diet  consisting  of  egg,  milk,  cheese,  starch,  sugar,  fruit  and  water  for  mo  days  ami 
follow  this  by  a  day  in  which  sweetbreads,  thymus  or  liver  is  substituted  for  oat 
of  the  meals  of  the  day  (see  table  page  571  (or  purine  content  of  foods).  Fiaisti 
the  experiment  by  ingesting  the  original  purine-free  diet  for  two  days.  CoUM 
each  day's  urine  and  analyze  for  uric  add.  How  soon  after  the  sweetbnad 
ingestion  was  the  ori^nal  plane  of  endogenous  uric  acid  elimination  reesub- 
Uahed?  If  one  desJrea  to  locate  this  time  more  definitely  the  urine  may  be 
collected  in  short  periods  (one  to  two  hotirsi  and  the  uric  acid  content  of  eacb 
specimen  determined.  Particularly  instructive  data  may  be  collected  by  fa- 
forming  the  above  experiment  on  a  gout  patient  and  upon  a  normal  perBonfn 
comparison. 

11.  A  Study  of  Creatinine  Eliminatioii.— It  has  been  established 
thnt  a.  normal  person  inf^estinj;  a  creatinine- free  diet  will  excrete  a  uni- 

Jorm  quantity  of  creatinine  from  day  to  day.  The  daily  excretion  oi*ii 
fdult  man  of  average  weight  ranges  from  i-i-s  grams.  For  data  as  b> 
CttBtininc  excretion  of  a  60  kg.  man  .sec  Taylor  and  Rose's  figure>iii 
table  on  page  sja.  The  creatinine  excretion  depends  primarily  on  Uk 
active  mass  of  protoplasmic  tissue,  and  therefore,  it  is  generally  Irw 
that  a  fat  man  will  show  a  lower  creatinine  output  than  a  lean  man  ti 
like  body  weight.     For  further  discussion  of  crcalinincsee  Chapter  XXII. 

ExperimenL— Ingest  an  ordinary  mixed  diet  (non-meat^  for  a  period  of  dm 
days  varying  the  character  of  the  diet  dally.  Collect  the  urine  and  asatyu  fee 
creatinine.     (See  Chapter  XXVI  for  methods  of  analysis.) 

Did  the  creatinine  elimination  change  with  the  change  in  4ict? 

la.  Influence  of  Water.— It  has  been  demonstrated  that  incrca<«) 
water  ingestion  influences  many  of  the  functions  and  activities  of  Iht 
human  body.'  The  increiisc  in  protein  cataboHsm  which  accomp- 
anies high-water  intake  is  shown  in  the  following  data  collected  from 

■Hkwk:  The  rclationthip of  water  to  ccruun  K(e  proccuci  kndmorccsptdalVl^''' 
Iritioa.  Ktad  before  Am<ri<an  fkiletopkieal  Svcirly,  Pblkdclphia,  Feb.,  1414-  ^ 
SiMA.  BuU ,  i,  4ii>,  lou). 


7 
t 
9 

ti 


H40 

3670 
4030 


Thf  above  data  indicate  an  increased  catabolism  of  protein  mat 
as  is  shown  by  an  increased  output  o(  total  nitrogen  upon  the  first ; 

I      second  days  (days  7  and  8)  of  the  Water  Period.     Part  of  this  increase' 
may,  however,  have  been  due  to  a  "flushing"  of  the  tissues  rather  than 

^^to  increased  catabolism  of  protein  structures. 

^^       Experiments—  (t)  RcUtion  of  Water  Intake  to  Volume  and  Spedflc  Gravity  of 

^  the  Urine.— Ingest  an  ordinary  mixed  diel  for  two  days.  Coiled  the  urine  in  34- 
hour  periods.  During  the  first  day  ingest  very  little  fluid  of  any  kind  either  at 
meals  or  between  meals.    On  the  second  day  ingest  as  much  water  as  you  can 

I       vithout  physical  Inconvenience.    A  person  of  average  size  should  have  no  diffl- 

^B  culty  in  drinking  5  6  quarts  per  day. 

^f       Measure  the  volume  of  each  day's  urine  and  take  the  specific  gravity.     Rote 

'       the  pronounced  increase  in  volume  and  the  low  specific  gravity  of  the  urine 

.       under  the  influence  of  high-water  ingestion. 

I  (b)  lofluenceonProteinCaUbotism.  -Tbatwaterslimulaies  protein  catabolism 

may  easily  be  demonstrated  as  follows:  Ingest  a  uniform  diet  {milk,  crackers, 
butter,  peanut  butler  and  water  I  for  a  period  of  four  days.    During  the  flist  two  days 

I       ingOBt  your  customary  volume  of  water  per  day.    During  the  last  two  days  increase 

LAe  water  ingestion  to  5-6  liters  per  day.  Collect  urine  in  14-hour  periods  and 
ana^rze  for  total  nitrogen  by  Kjeldahl  method  (see  Chapter  XZVI  and  Note  on 
page  580).  Note  the  increased  excretion  of  nitrogen  under  tbe  influece  of  high- 
*at«r  intake.  If  time  permits  other  nitrogenous  urinary  constituents  may  be 
determined  I  see  table  above). 
I  Fowl«  and  Hawk:  Jour.  Fxpl.  Utd^,  it,  jtt,  tfllft- 
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13  "Salt-free"  Diet— In  order  to  he  properly  nourished  we  must 
ingest  a  certain  amount  of  inorganic  matter  daily.  If  we  fail  to  do 
this  our  metabolic  processes  become  abnormal  and  the  urine  is  one 
index  of  this  abnomiality.'  ^^ 

Experiment — Ingest  an  ordinary  mixed  diet  containing  an  ample  salt  ContM^ 
for  a  period  of  two  days.  Follow  this  period  by  the  ingestioa  of  a  diet  which  has 
bad  its  salt  content  reduced  to  a  very  low  value.'  Sugar  and  olive  oil  or  noe- 
salted  butter  may  supply  the  bulk  of  the  calorific  part  of  the  diet  and  dtatyzed  egg 
white  or  casein  or  coauner cial  piotein  preparations,  e.g.,  plasmon,  gluten  or  glidine 
may  supply  the  protein.  Ingest  such  a  diet  for  three  days.  (This  is  an  "acid- 
forming"  diet,  see  page  580.)  Collect  the  urine  and  analyie  for  sodium  chloride, 
acidity,  ammonia  and  total  nitrogen.  Compare  the  data  from  the  normal  dayt 
with  those  obtained  when  the  "salt-free"  diet  wag  ingested.  Test  the  aiint 
(Chapter  XXVI:<  and  blood  (Chapter  XVIj  for  acetone.  An  addosls  follon 
the  Ingestion  of  a  salt-bee  diet  for  a  sufficient  length  of  time. 

Did  you  feel  perfectly  normal  during  the  interval  you  were  ingesting  tlu 
"salt-free"  diet? 

14.  Salt -rich  Diet. — On  an  ordinary  mixed  diet  a  normal  aduit 
will  daily  excrete  10-15  grams  of  chloride,  expressed  as  sodium  chloride, 
in  the  urine.  On  a  salt-free  diet  this  excretion  decreases,  whereas  if 
the  diet  contains  an  excessive  quantity  of  sodium  chloride  this  excesi 
will  be  promptly  excreted  in  the  urine.  Normal  feces  contain  very 
little  sodium  chloride  even  after  excessive  sodium  chloride  ingestioa 
(see  Experiment  33). 

EKperiment. ^Ingest  an  ordinary  mixed  diet  for  two  days.     On  each 
following  two  days  take  a  similar  diet  plus  a  weired  amount  («.£.,  10  grsmi) 
sodium  chloride.    Collect  the  urine  for  the  (our  days  In  24-bour  samples,  pre 
serve  and  analyze  for  sodium  chloride  (for  methods  see  Chapter  XXVI).    VhM 
proportion  of  the  added  chloride  was  recovered? 

If  it  is  desired  to  make  the  experiment  quantitative  in  character  ingest  a  mi* 
form  diet  (see  Experiment,  page  593 )  each  day  instead  of  the  ordinary  mixed  dle^, 
and  examine  urine  and  feces  (see  Experiment  33)  for  chloride.  I 

15.  Acidosis. — Acidosis  may  be  induced  in  a  normal  person  by  Uie 

Ingestion  of  a  "salt-free"  diet  such  as  described  in  Experiment  13, 

above,  or  by  the  ingestion  of  a  carbohyd  rate-free  diet.     The  acidoas 

appears  somewhat  earlier  under  the  latter  conditions.    The  non* 

carbohydrate  diet  is  rather  better  suited  for  the  demonstralioa  cf 

acidosis  becuuse  of  its  greater  palatabilily.     When  carbohydrates  an 

ingested  there  is  an  oxidation  of  fatty  acids  to  carbon  dioxide  and 

water.    When  no  carbohydrates  are  ingested  a  portion  of  the  fatty 

acids  are  converted  into  actlone  bodies.    These  arc  diSicult  to  oxidiie 

and  arc  excreted  as  such.     The  keJonurii  (cvcretion  of  acetone  aad 

■  raptor:  Ualveraity  of  CalUorsU  Putillcalions  Pattiol 
*  It  u  practically  imposuUe  to  iccun  &&  K^iKiVuvd-; " : 
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diacetic  acid)  is  particularly  pronounced.  The  following  table  shows 
the  data  obtained  in  an  actual  case  of  the  withdrawal  of  carbohydrate 
(ood  from  the  diet  of  a  normal  man  (von  Noorden). 

ACIDOSIS  ACCOMPANYING  CARBOHYDRATE  WITHDRAWAL 


1    Excr«tiuD  of  acclouF  budicacal- 
S^                                     Diet                                     cuUtcd  u  fi-bydtoxyhatync 

acid  (iCTami) 

I 

Proictn,  fal  and  corbckydrou.                                             None. 

9 

Protdn  and  la.                                                                    o.S 

• 

1 — ■ 

3 

Protein  sod  fat.                                            1                          1.9 

4 

Piolna  uid  fat.                                                                              8.7 

S 

Protda  and  (al.                                                                    M.e 

6 

Protdn,  fat  and  carbohydntt.                       ■                         a.t 

I  Experiment.— Invest  an  ordinary  mixed  diet  for  one  d«y.  PoUow  this  by  a 
period  of  two  to  four  days  in  which  no  digestible  carbohydrate  is  eaten.  (A  diet 
of  meat,  eggs,  butter,  agar-agar  and  water  has  a  very  low  digestible  carbohydrate 
Talue.)  CoUect  the  urine  for  each  day  of  the  experimeat,  examine  it  qualitatively 
for  acetone  bodies  (see  tests  in  Chapter  XXllij.  If  present,  detennJnelbe  total 
acetone  bodies  quantitatively  (for  methods  see  Chapter  XXVI).  Th«  blood  may 
abo  bfl  examinsd  (see  Chapter  XVII.  Did  the  withdrawal  of  carbohydrate  food 
cawe  as  addosis  or  ketouuria?  How  did  it  compare  with  the  addosia  in  the 
above  table? 

16.  "Alkaline  Tlde."^For  a  time  after  a  meal  the  normal  acid 
reaction  of  the  urine  may  be  changed  to  neutral  or  alkaline,  'lliis 
has  been  explained  as  due  to  the  witlidrawal  of  hydrogen  ions  to  manu- 
facture the  hydrochloric  add  of  the  gastric  juice. 

Experiment. — Ingest  an  ordinary  mixed  diet.  Urinate  just  before  dinner  and 
note  the  reaction  of  the  urine  to  litmus.  If  add,  detennine  the  hydrogen  Ion 
concentration  by  the  method  given  in  Chapter  XXVI.  (If  alkaUae,  discard  the 
urine  and  make  the  test  on  another  day.)  After  eating  a  heavy  dinner  (meets) 
collect  the  urine  at  Inlervala  of  a  half-hour  and  take  the  reaction  to  litmus  and 
detennine  the  hydrogen  ion  concentration  as  before.  Did  your  urine  change  in 
leaction  after  the  meal  and  if  so  how  long  a  period  elapsed  between  the  meal  and 
the  occurrence  of  the  maximum  change  in  reaction? 

17.  The  "Partition"  of  Urinary  Nitrogen  and  Siilphuras  Influenced 
by  Diet.— It  was  tirsl  shuwn  byFolin'  th;il  the  percentage  of  the  total 
nitrogen  and  total  sulphur  of  the  urine  which  appeared  in  the  form  of 

y  particular  nitrogenous  constituent  or  in  any  particular  form  of 

'  FoUn:  Amtr.  Jour.  Piytitl.,  13,  118,  1905. 
J/ 
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sulphur  was  regulated  directly  by  the  extent  of  the  total  nitrogen  and 
sulphur  elimination.  This  point  is  well  illustrated  in  the  following 
table  which  contains  data  regarding  the  so-called  "partition"  oi 
"distribution"  of  the  urinary  nitrogen  and  sulphur. 

THE  NITROGEN  AND  SULPHUR  "  PARTTTIONS"  AS  INFLUENCED  BY  DIET 


Noimal  protein  diet  i    Stsich-cicom  diet 


CouEtituent  of  the  urine 


-s. 


in 

s 

S3 

a' 

0. 


lUxea. 


.;  31.6      14.7   '.  87.5 


4- 7a 


Ammonia 0.6       0.49     3.0  !   0.51 


a.  J       61.7 


0.4a     >»-3 


Creatinine. 


i.SS     "SS      3-6    I  161      0.60     ij.s 


Uric  acid 0.54     o-i8      i.i    'O.a;   ,0.09       i.j 


Undetermined '    0.83      4.g     i  *-i7      7-5 


Total  N. 16.8  'loo.o 


Inorganic  SOi 


3  a? 


90.0   I  0.46 


3.6     100. 0 
60.J 


Ethereal  SOi 0.15  , s-a      0.10  \. 


13. 1 


Neutral  SO. o,  if 


4.8  '    o. ao 


rf] 


jTotalSO, 3.64 


100. o       0.76     |100.0 


It  will  be  observed  from  an  examination  of  this  table  that  a  normal 
protein  diet  which  gave  16.8  grams  of  urinary  nitrogen  yielded  875 
per  cent  of  this  nitrogen  as  urea,  3  per  cent  as  ammonia,  3.6  per  cent  as 
creatinine  and  i.i  per  cent  as  uric  acid;  whereas  a  "non-protein  diet" 
(starch  and  cream  containing  about  i  gram  of  nitrogen)  which  gaw 
only  3.6  grams  of  urinary  nitrogen  yielded  only  61.7  per  cent  of  this 
nitrogen  as  urea  but  gave  a  greatly  increased  percentage  output  in  the 
case  of  each  of  the  other  nitrogenous  constituents  mentioned,  e.g.,  113 
per  cent  as  ammonia,  17.2  per  cent  as  creatinine  and  2.5  per  cent  as 
uric  acid.  The  percentage  output  of  neutral  sulphur  was  also  grti^y 
increased. 

It  will  furthermore  be  observed   that  the  actual  daily  output  of 

'Folia:  Am.  Journ.  PAjisiol,,  li,  \i4,  iqos- 
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'certain  of  the  constituents  is  uninfluenced  by  the  amount  of  protein 
inj^estvd.  Among  these  are  creatinine  and  neutral  sulphur.  On  the 
other  hand  the  output  of  inorganic  sulphur  and  urea  is  more  or  less 
directly  proportional  to  the  protein  ingestion.  The  observation 
of  such  facts  as  these  led  FoUn  to  formulate  his  theor>'  of  protein 
mctaboUsm.' 

B  Ezperiaieiit.~Duruig  a  period  of  two  or  three  days  ingest  an  ordinary  mixed 
diet  containing  100-115  grams  of  protein  (16-10  grams  of  nitrogen)  per  day. 
Collect  the  urine  accurately  in  24-hour  periods  (page  565)  preserve  it  and  analyze 
the  urine  of  the  second  and  third  days  for  total  nitrogen,  urea,  creatinine,  total 
sulphur,  inorganic  sulphates,  ethereal  sulphates  and  neutral  sulphur  (by  differ- 
ence). For  methods  of  analyals  see  Chapter  "SSVl.  Follow  this  period  by 
one  of  three  days  in  which  a  diet  of  starch  and  cream  having  a  similar  calorific 
Tahie  is  ingested.  Analyze  the  urine  for  the  second  and  third  days  as  indicated 
above.    Calculate  your  results  and  tabulate  as  shown  in  the  Uble  on  page  578, 

E^-—  did  the  change  in  the  diet  alter  the  metabolism  of  nitrogen  and  sulphur? 
n  calculating  the  calorific  value  of  a  diet  make  use  of  the  following  values : 
I 


I  gram  protein 4.1  large  calories 

I  gram  fat 9.3  large  calories 

I  (ram  carbohydrate 41  large  calories. 

16.  Protein -Sparing  Action  of  Carbohydrate  and  Fat. — The  nun- nitrogenous 
.Dulrient&.  carboh>' (irate  and  hi,  have  Uie  power  to  diminish  the  eilcnt  of  the  cntabo- 
m  o(  protein  in  the  normal  human  body.  In  other  words  they  arc  said  to  "spare" 
protein.  Tbia  point  Is  illustrated  in  data  reported  by  von  Noorden  and  Dielers, 
which  are  tabulated  below. 


I 


PKOTEIN-SPARING  ACTION  OF  CARBOHYDRATE  AN1>  FAT 


Kiirogcn  ingetted 


Nltrogeu  in  mine  I 


it.egiaau. 


io.4granu. 


U.tf  gniU-f  too  granu  sucrose- 


g  o  grams.        tj  per  ccal  reduction  in  protdll 
j  catabolhni. 


H        It  ^U  be  observed  ih^t  the-  addition  of  100  grams  of  sucrose  to  the  diet  waa 

accompanied  by  a  decrease  of  tj  per  cent  in  the  amount  of  protein  cataboUicd. 

It  has  been  c-iiablishcd  that  carbohydrates  arc  more  efficient  "protein  sparera" 

than  arc  the  fats.    For  example  Voit  found  carbohydrate  to  produce  a  q  per  cent 

^decrease  in  protein  cat abolixm  whereas  faU  produced  only  a  7  per  cent  decrease. 

B        Esptriiunt. — Ingtst  a  uniform  diet  of  known  or  estimated  nitrogen  content 

Bfor  a  period  o(  (our  days.     Collect  anil  preserve  the  urine  accurately  (see  p;ige  565) 

^Bin  J4- hour  samples  .lod  analyze  the  excretion  of  the  third  and  Jottrtk  dayi  for  total 

B.nilrogen.     On  the  lULli  day  add  joo  grams  oj  sucrose  to  the  diet.     Analyse  this  urine 

■The  author's  article  on  "GencTiU  Consideratlena  of  Metabolism"  in  "Modem  Medi- 
cine" (Osier  and  McCrac)  ind  Edition.  1914,  p.  594.  See  also  PoHn:  Ammean  Joumtl 
Fky$itL,  i^,  itS,  IQ05. 
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also  for  total  nitrogen.    Calculate  your  results  and  tabulate  the  data  as  shown  in 
table  on  page  579. 

Did  the  sucrose  influence  the  catabolism  of  protein  in  your  body? 

ig.  Hydrogen  I<m  Concentration  of  the  Urine  as  Liflaenced  by 
the  Ingestion  of  Acid-Forming  and  Base-Forming  Foods. — It  has  been 
demonstrated  by  Sherman  and  Gettler'  that  vegetables  and  fruits, 
on  burning,  leave  an  ash  in  which  the  basic  elements  (sodium,  potassium, 
calcium  and  magnesium)  predominate,  whereas  cereals,  meats  and  fish 
foods  leave  an  ash  in  which  the  acid-forming  elements  (chlorine,  sulphur 
and  phosphorus)  predominate.  A  list  of  acid-forming  and  base- 
forming  foods  is  given  in  the  following  table. 

EXCESS  OF  ACID-FORMING  OR  BASE-FORMING  ELEMENTS  IN  FOODS 

(Sheman  and  Gettler) 


Atticle  of  Food 


I  Excess  add  or  bue  in  terms  of 
;  norma]  lolutions.    Pei  100  gnat 


Apples 

Asparagus. 

Banaaas 

Beans  (dried) 

Beans  (lima,  dried) . 

BeeU 

Cabbage 

Cantaloup 

Carrots 

Cauliflower 

Celery 


Crackers 

Eggs 

Egg- white 

Egg-yolk 

Fish  (haddock). 
Lemons 


Lettuce 

Meat  (leau  beef). 

'Milk  (cow's) 

Oatmeal 

Orange! , . . 

Potatoes 

Prunes 


Raisins 

Rice 

Wheat  (entire) . 


Add  (c.c.) 


7.8. 
ir.io 

S-S4 
16.69 
16.07 


13.91 


12. 9J 


8. to 
9.66 


Base  (cc) 


3.76 

0.81 

SS6 

33  87 

41 -6s 

10.86 

4-34 

7-47 

10.89 

5.33 
7.78 


S  45 

7  37 

'.37 

5.61 

7.10 

34.40" 

13.68 


I 


'  Sherman  and  Gettler:  Jour.  Biot.  Chem.,  ri,  333,  loia. 

'  Prunes,  plums  and  cranberries  yield  an  alkaline  ash  but  serve  to  incnaie  the  hydrogen 
ton  concentration  of  the  urine  because  of  their  benzoic  acid  content,  this  add  beuig  sjb- 
the^zed  with  glycocoU  in  the  Vidney  and  eXs^wVe^e  \.q  ^aimVa^iiric  add. 
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The  above  data  indicate  that  potatoes,  oranges,  raisins,  apples, 
bananas  and  cantaloups  are  important  base-forming  foods..  Among 
the  most  important  acid-forming  foods  are  found  rice,  whole  wheat 
bread,  oatmeal,  meats  and  eggs.  Certain  fruits,  e.g.,  cranberries,*  prunes 
and  plums  yield  a  basic  ash  but  are  acid-forming  foods. 

This  is  due  to  the  fact  that  they  contain  benzoic  add  which  is 
synthesized  with  glycocoU  in  the  body  to  produce  hippuric  acid  (see 
page  585).  It  is  worthy  of  note  that  some  plant  foods  are  base-formers 
and  others  are  add-formers.  It  is  also  an  important  fact  that  acid 
fruits  yield  a  basic  ash  (see  page  580). 

The  normal  diet  should  contain  suffident  base-forming  elements  to 
neutralize  the  adds  formed.  If  these  acids  are  not  neutralized  by 
the  basic  elements  in  the  diet  they  will  be  neutralized  by  the  fixed 
bases  of  the  tissues  of  the  body  and  a  seriously  deranged  metabolism 
may  result.  (See  experiment  on  "salt-free diet, "page  576.)  Organic 
salts  of  the  alkalis  (c.j., sodium  bicarbonate  or  sodium  acetate)  are  often 
given  therapeutically.  They  reduce  the  H  ion  concentration  of  the 
urine:  the  same  result  so  far  as  urine  reaction  is  concerned  may  be 
secured  by  feeding  properly  selected  base-forming  foods.  The  ingestion 
of  sodium  dihydrogen  phosphate  (NaHaPOt)  will  increase  the  acidity 
of  the  urine :  a  like  result  may  be  produced  by  feeding  properly  selected 
add-forming  foods.  Anything  which  produces  an  increase  in  the  H  ion 
concentration  of  the  urine  will  produce  an  increase  in  the  ammonia 
output. 

On  a  mixed  diet  the  H  ion  concentration  of  the  urine'  has  been 
found  to  be  6  ±  o.i.*  In  nephritis  the  H  ion  concentration  of  the 
urine  may  be  increased  to  5,33  or  higher.  Alkalis  have  been  used  with 
apparent  success  in  the  treatment  of  nephritis.*  It  is  evident  that  base- 
forming  foods  properly  selected  should  be  suitable  dietary  articles  for 
nephritics.'  For  a  detailed  discussion  of  acid-forming  and  base-forming 
foods  see  article  by  Blatherwick.' 

Experiment — Ingest  a  uniform  diet  consisting  of  milk,  crackers,  butter,  pea- 
nut butter,  and  water  in  desired  quantities  for  a  period  of  three  days.  Follow  this 
by  a  period  of  six  days  during  the  first  three  of  which  considerable  quantitieB  of 
add-forming  foods  (see  table  page  580)  are  added  to  the  diet.    During  the  second 

'  Radin  reports  this  berry  to  contain  0.06  per  cent  benzoic  acid  (Blatherwick^  Arek. 
Int.  Mtd.,  14,  40g,  1914). 

'HendeisoD  and  Palmer:  Jour.  Biol.  Chem.,  14,  Si,  1913- 

*  H  ion  coQceatration  may  be  expressed  as  gram  of  ionized  H  per  liter  of  water.  A  neu- 
tral solution  has  a  H  ion  concentration  of  i  X  lo"',  or  0.000,000,1  gram  per  liter.  It  is 
often  customary  to  express  the  H  ion  concentration  according  to  Sfirensen's  logarithrnic 
notation.  For  example  ioBtead  of  expressing  the  H  ion  concentration  of  a  neutral  solution 
as  iXio~'  he  expresses  it  as  7.0a.  Ka  increasing  H  ion  concentration  decreases  this  value 
and  an  increasing  OH  ion  concentration  increases  the  value. 

*  Fisher:  Nephritis,  New  York,  1911. 

*  BlatherwicK.'  Arch.  Jul.  Med.,  14,  409,  ign. 
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half  of  the  period  (days  four  to  bIz)  add  an  abundance  of  base-f onning  foods  to  the 
diet  Distilled  water  Bhould  be  used  for  drinking  purposes  and  a  uniform  Tofamia 
should  be  ingested  daily.  Collect  flie  urine  in  34-lionT  periods,  invserre  and 
analyze  for  H  ion  concentration,  titntable  acidity  and  »tnmntii«  (for  mefluds 
see  Chapter  XSVI).  Compare  your  results  with  Qiose  tabulated  in  iho  table 
below. 

REACTION  OF  URINE  AS  INFLUENCED  BY  DIET' 


Bud 


DatoDii- 

nation. 


No.  I 


dAjri 


No.  a 


darm 


B*k*d  poU- 

tOM(TSO 

Braau  par 

dm7)+buml 

diet  No.  I 

(6d.T») 


H  ion  eon-T.ie   5.57 
GVntefttLon. 


T-T* 


Ric*  <3ia 

nuZtt  pBT 

d«r)+bual 

dirt  No.  I 

U  dw,) 


Crutbarry 

•■DCa  (300- 

Aoo  Erua* 

biMil  diot. 

No.  1 
(6d«y») 


BrMdi 

(wboh 

whwt)  «3o 

EramB  for  t 


d»y+b»uli  diM,  No.  1 
diot.  No.  1 1     (3  Amy) 


7   14 


6.30-S.JO 


6.19 


PnoM 
(330-SSO 
oruni  p«r 

d>r]tb>»t 


6. So 

(Pr«viou« 
avr    6.90} 


s.i<>-4.ao 

S-OT 


CaateloBp* 
(■60    ansa 

No.  t 

(jd.n)  .1 


I.lo-;.3»i 

S.TO 


TttnUbl* 

acidity 
(ce.  N/io 


I7J 


474 


I96'ai6 

lOJ 


166-J97 
133 


3i>i-4a» 

407 


3^0 

(PronoM 
d»y  197) 


570-540-578 


J63 


466-)SD 
3't 


AmmoDiit 
N  (gruni) 


0,31010.464 


0.)lt-0.34l 


0.1  ji 


0.166-0.151  0.919-0.391      O.lSO 

, I , .  I  (Pnvioui 

a.i9t  0.305       , day  0,151) 


0.601-0.710 


0.5I3-«.>M 


0,654 


O-IIII 


30,  Hydrogen  Ian  Concentration  of  the  Urine  as  Influenced  by 
Alkali  and  Acid  Ingestion.^The  ingestion  of  certain  organic  salts  of  the 
alkalis,  e.g.,  sodium  citrate  and  sodium  bicarbonate  will  cause  a  decrease 
in  tlie  hydrogen  ion  concentration  of  the  urine.     The  ingestion  of  adds 

INFLUENCE  OF  INGESTED  SODIUM  BICARBONATE  ON  H  ION 
CONCENTRATION  OF  URINE 


Experiment 
Number 


Time  of  Collection  of  Specimen 
i  of  Urine  and  H  Ion  Owcen- 

Sodium      !  Hydrogen  Ion  Concen-  ;  tration 

Bicarbonate,   tration  before  Bicarbon- ' 


Grama 


ate  Ingestion 


11,00 
A.M. 


11.00  1,00 
noon  IP.  M. 


I 

4 

a 

8 

3 

13 

4 

8 

S 

S 

6 

1           s 

7.40 
S.40 
S.30 
7.40 

S.8s 
6,70 


8,30 

8,50 


7.48 

8.30 


a, 00 
P.M. 


3.09 
P.M.! 


7.48    7-40 
6 . 50   6 . JO 


0,50  0.30  0.5D  0.5D 
B.70  18.70  8.70  8.70 
8.50  J8.70   8. JO  8.50 


7.48  [8.70 


8.70   8.70 
8.50   8,70 


J, 40 
8,701 

8.50  I 
8.J0; 
S-J" 


'Tabulated  from  data  reported  by  Blatherwick  {Arch.  Int.  Mai.,  n,  40^,  ip*>- 
EiperimcDtE  al]  made  on  the  same  subject  (B). 

'  Basal  diet  No,  t  contained  100  grams  Graliam  crackers,  25  grams  butter,  400C.i.«* 
milk  ingested  at  each  of  the  three  daily  meals.  One  apple  and  one  soft  boiled  egg>d<!cd)t 
■upper.     In  diet  No.  i  whole  wheat  crackers  were  substituted  for  the  Graham  crackos. 

'  This  day  was  preceded  by  NaHCOi  ingestion  for  three  days  and  by  rice  ingeition  io( 
four  days. 

Tliis  diet  followed  irtvme<Kate\y  ailcHiieA\t\olvwT«aV'!*t^'|. 
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(either  organic  or  inorganic)  or  add  salts,  e.g.,  sodium  dihydrogcn  phos- 
phate will  increase  the  hydrogen  ion  concentration  of  the  urine.  The 
alkalis  are  much  more  effective  in  producing  changes  in  reaction  than 
are  the  acids.  The  influence  of  inge-sted  alkali  (sodium  bicarbonate)  is 
shown  in  the  foregoing  table  containing  data  submitted  by  Henderson 
and  Falmer.' 

Blatherwick'  rcix>rts  a  decrease  in  ammonia  nitrogen  output  from 
o.2s6  gram  to  0.073  gram,  and  an  accompanying  decreased  acidity 
under  the  influence  of  bicarbonate  ingestion  (2$  grams  in  two  daj-s). 

The  influence  of  ingested  acid  (benzoic)  is  shown  in  the  following 
data  reported  by  Blatherwick.' 

INFLUENCE  OF  BENZOIC  ACID  INGESTION* 


_                   Tllntable  acidity          '        „  .                  ... 

D»y                  ,       .. ,    ,                     H  ion  coocenttstion 
'                   (cc.  N/io) 

1 

Ammonia  N  (gram) 

I                       jga                 1                 6.15                              0.193 

1 

1                        410 

6.1S 

0-374 

3      '                       443 

1 

6.00 

0.411 

1 
4      1                      4J4 

G .  00                                      a .  40S 

5                          46ft 

J. 70                     1                 0.418 

(For  further  discussion  of  dietary  alterations  of  urine  reaction  see 
preceding  experiment.) 

Bxpenments. — («)  Influence  of  Alkali. —Ingest  a  unifonn  diet  consisting  of 
milk,  crackers,  butter,  peanut  butter  and  distilled  water  for  a  period  of  two 
dajs.  During  the  next  two  days  take  the  same  diet  and  ingest  24  grams  of 
sedhun  btcarbonate  between  meals  (ta  in  A.  M.  and  la  in  P.  M.).  CoDect  tbe 
nrine  in  34<bour  periodg  and  analyze  it  for  titratable  acidity,  H  ion  concentra- 
tion and   ammonia.    Compare  your  results  with  those  shown  Jn  tibte  on 

P*ge5&»- 

If  desired  tbe  bicarbonate  may  be  given  in  one  dose  of  8-13  grams  and  tbe 
Krioe  collected  in  hourly  specimens  for  the  next  five  hours  and  each  specimen 
analyzed.    Data  from  such  eiperiments  are  shown  In  table  on  page  582. 

(b)  Influence  of  Acid. — Proceed  as  above  except  that  t  gram  of  benzoic  add 
^  capsule)  is  ingested  before  each  meal  of  the  experimental  period. 

The  experiment  may  also  be  varied  by  ingesting  10  grams  of  sodium  dihydro- 
|en  phosphate  early  in  the  day  and  collecting  the  urine  tn  hourly  fracti<»is  or  in 
oae  34-hour  sample. 

*  HendcrKD  »ud  Palmer:  Jour.  Biol.  Cktm.,  14.  81,  1013. 
■S«e  p.  jSi. 

'  One  gntB)  of  benmic  acid  ia  a  capsule  bcfort  each  meal.    Bua!L4\t\>^«.\&ncr&i«&.«<^ 
LMe  iSj  waa  ukxI. 
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From  70UT  experiment*  what  do  you  conclude  u  to  the  relatfre  eSdenqr  of 
add  and  alktli  in  altering  the  reaction  of  the  urine? 

31.  Lifluence  of  a  High  Calorie  Non-Nitrc^nous  Diet. — If  an 

individual  fasts  there  is  a  combustioD  of  a  certain  amount  of  protm 
tissue  each  day  of  the  fast.  The  destruction  of  such  tissue  is  rather 
low  on  the  first  day  due  to  the  fact  that  the  glycogen  stores  of  the  body 
are  being  utilized  to  fumjsh  the  necessary  energy.  If  an  individual 
instead  of  fasting,  ingests  a  diet  of  high  calorific  value  and  very  low  in 
nitrogen  the  output  of  nitrogen  in  the  urine  of  the  third  or,  fourth  day 
will  be  less  than  on  the  third  or  fourth  day  in  fasting.  This  is  due  to 
the  fact  that  the  body  derives  sufiicient  energy  from  the  high  calorie 
diet  and  there  is  less  destruction  of  protein  body  tissues  than  occurs  in 
fasting.  For  a  discussion  of  energy  value  of  foods  see  "Determination 
of  Fuel  Value  of  Foods,"  below,  and  the  table  on  page  569. 

Experiment. — ^Ingest  a  high  calorie  diet  which  is  veiy  low  in  nitrogen  or 
actoatt;  noa-nitrogenoua.  A  satiahctoiy  diet  may  include  augar,  butter,  atanh, 
cream,  agar-agar  and  water.  (For  energy  vahiea  Bee  below  and  table,  page 
568.)  Ingest  such  a  diet  for  three  days.  Collect  the  mine  in  a4-hour  period!, 
preaerre  and  analyze  it  for  total  oitrogen,  addity  and  ammonia.  Note  the  lo« 
nitrogen  excretion  on  the  third  day  as  compared  with  the  nitrogen  ou^t  of  flu 
diird  day  of  fasting.  If  so  desired,  yoa  may  (at  some  later  date)  fast  for  time 
days  and  repeat  the  above  analyses  for  comparison. 

Determination  oj  Fuel  Value  of  Food. — When  organic  substances  are  oxidized 
or  burned  in  the  human  body  they  liberate  a  certain  amount  of  heat.  This  calorific 
energy  or  heat  value  varies  according  to  the  type  of  organic  matter  undergcnof 
oxidation.  Thus  the  protdos,  fats  and  carbohydrates  of  the  diet  when  they  tit 
burned  in  the  body  yield  different  quantities  of  heat  per  unit  of  substance  than  do 
organic  adds,  alcohol,  etc.  The  energy  values  of  pure  protein  fat  and  carbohydrate 
are  the  follomng: 

Protdn  ■=  4.  r  large  calories  per  gram. 

Fat  =  9.3  large  calories  per  gram. 

Carbohydrate  =  4.1  large  calories  per  gram. 

In  arriving  at  the  energy  value  of  any  given  diet  it  is  customary  to  burn  weighed 
samples  of  the  various  foods  in  an  oxygen  atmosphere  In  an  apparatus  called  ■ 
bomb  calorimeter  (see  Fig.  17a,  pago  5S6).  By  this  means  ne  may  determine  how 
much  heat  is  liberated  when  the  ingested  food  is  oxidized  in  the  body.  A  correctioD 
must  be  made  for  the  incompletely  oxidized  substances  of  the  urine  and  feces.  A 
large  mass  of  data  concerning  the  heat  value  of  foods  has  been  collected  and  tabu- 
lated, and  it  is  therefore  possible  to  arrive  at  an  approximate  idea  of  the  catiij 
value  of  a  diet  by  calculation  (see  table,  page  569).  The  bomb  colorimeter  shows 
in  Fig,  172,  page  586,  is  one  of  the  most  satisfactory  for  actual  determination  of  tbe 
heat  of  combustion  of  organic  substances. 

22.  Metabolism  in  Fasting.— The  metabolism  of  a  fasting  man  is 

entirely  different  from  iVie  melabofem  o^  a.  -HcU-nourished  person. 
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The  collection  and  analysis  of  the  urine  during  a  short  fast  (three 
to  seven  days)  will  demonstrate  many  important  facts.  The  folloning 
table,  which  contains  data  from  fasting  tests  made  in  the  author's 
laboratory,'  illustrates  some  of  the  points  in  which  fasting  metabolism 
differs  from  normal  metabolism: 


METABOLISM 

IN  F.\STING 

Day 

Body 

ToUl 

Aniinoiiia     Crcttine 

Addi^. 

P/)i 

Chloride 

of 

»dch^ 

N 

N                N 

ex.  N/io  ' 

gnaa, 

period 

^ 

pvat 

p»D»     1     fgnma 

NaOH 

NaCI 

PreEminary  Feeding  Period 

t~* 

Av.  74.16 

10.430 

0.1 11 

None 

138.6 

1.768 

1    9.00T 

Fasting  Period 

, 

7i  3* 

10.071 

0, iSS          0. 169 

3*8-9 

1.616 

5  »35 

JI.08 

IS.07) 

064)             O.OJJ 

677.1 

>.S09 

3.J3I 

70- 9» 

14-463 

D.Sai    .      0.0S9 

770.4 

s.8s« 

^■S39 

jo.U 

13.080 

1. 101       ,     0.061I 

664.2 

» -490 

1  »Si 

-t 

6g.6i 

ii.Soi 

i.bM 

0.033 

S»S  0 

».376 

1-474 

< 

Ap.H 

tl.3t4 

1.373 

0.011 

46  J.  4 

■  .186 

1     II3» 

7 

tt.70 

W-73+ 

"-37I 

0.003 

438-9 

0-955 

I."3T 

^  Abstinence  from  food  for  a  few  days  can  in  no  way  operate  to  the 
disadvantage  of  a  normal  person.  In  fact  individuals  affected  with 
certain  types  of  gastro-intcstinal  disorders  are  bcnetitcd  by  fasting. 
The  fasting  Irtatmcnl^  is  also  being  used  with  success  in  cases  of  diabetes 
mellitus. 

ly  Id  order  to  determine  ezpenmentatty  how  the  tasting  metabolism  differs  from 
nnsul  metabolism  proceeds  as  foUovs:  Ingest  an  ordinary  mixed  diet  and  col- 
lect TOUT  urine  (see  page  565)  for  a  day.  Measure  the  volume  and  analyze  the 
BKmple  for  total  nitrogen,  ammonia,  creatine,  sodium  chloride,  total  phosphates 
and  acidity'  (for  methods  see  ChspleiXXVI).  For  the  next  few  days  (three  to 
seren  as  desired)  ingest  nothing  but  water  and  collect  the  urine  accurately  and 
analyze  for  the  constituents  enumerated  above.  Tabulate  your  results  and 
re  them  with  those  given  in  the  table  above. 
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23.  Synthesis  of  Hippuric  Acid  in  Human  Body.^IIippuric  Acid  is 
present  in  hiunan  urine  in  small  amount,  about  0.7  gram  being  excreted 

'  The  chloride,  photphaie  and  acidity  dcicrmiiiBiioni  were  collected  during  one  tevcn* 
day  last  and  Ihe  other  daia  cotlcctrd  during  a  diflfeitnt  fast  00  Utc  Mtne  nan.  (See 
Ho>re,  M»|[iUand  tlawlc:  Joar.  Amtr.  Ckem.  Svc,  33,  s6&,  191  >;  and  WUwa  and  Hawk; 
Jmit.  Amer.  Chem.  Sm.,  ifi,  137,  :9I4.) 
r.  Mt4. 


'Allen;  Amtr.  J«»t. 


.  Sri.,  ISO,  4H0,  iQij- 


'  A  more  accurate  Fxprrimcnl  may  be  cBirlcd  out  by  ingesting  a  unUortn  diet  ol  known 
compocition  (see  pogp  ^69)  (or  a  few  iiij-x  before  the  fuL 
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per  day.  The  urine  of  herbivorous  animals  contains  much  larger  quan- 
tities. This  add  is  formed  io  the  animal  body,  by  synthesis  from  ben- 
zoic add  and  glycocoll  which  takes  place  in  the  kidneys  and  elsewhere.' 

Experiment.  -Ingest  2  grams  of  Bodium  b«iuoato  or  ■miiwiimii  benzoue 
before  retiring  nt  night.  Collect  tbe  fint  foaetion  of  urine  votdMl  the  next  raon- 
liig.    The  benzoate  has  be«n  synthesized  with  glycocoll  to  form  hippuric  add. 


Fio.  t jJ.--lli:iiiiKwir-AirtAitii  buua  *.MAiKiULri;»i. 

The  urine  will  therefore  be  found  to  contain  much  more  of  this  acid  than  Is  nof' 
mallj  present.    IsoIbIc  the  hippuric  add  by  one  of  the  foUowing  methods : 

(s)  Pint  UelAod. — KrnJec  the  urine  alkiUinc  with  milk  of  lime,  boil  for  a  fc* 
aOBMDtS  and  filter  while  hot.  Concentrate  the  fUuatc,  over  a  burner,  to  a  small 
Wume.  Cool  the  solution,  acidify  it  strongly  with  oonoeotntcd  hydrochloric  tai 
and  stand  it  in  a  cool  place  for  34  hours.  Filler  oS  the  crystob  of  hippuric  add 
which  have  fonned  and  wuVt  iWm  vtWh  a.  l\t.t.le  cold  water.    Remove  the  crysuli 

'JOngjbur>- and  Bell:  Jomr.  Bi*l.  diMn-.-ji.  m.i''»n- 
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mnftlie  paper,  dissolve  them  in  a,  very  small  amount  of  hot  water  and  percolate 
tbe  bot  solution  through  thoroughly  wiuhcd  aoimal  charcoal,  being  careful  to  wash 
out  the  bst  portion  of  the  hippuric  add  solution  with  hot  water.  Filter,  concen* 
tratc  the  filtrate  to  n  tniall  volume  and  stand  it  aside  for  crystolliEation.  ExRinini; 
th«  crystaU  under  the  microscope  snd  compare  ihcm  with  those  in  Hg.  1 2$,  page  389. 
This  inetbod  is  not  as  satisfactory  as  Roaf's  method  (sec  below), 

W  Rvaft  Method. — Place  the  urine  in  a  casserole  or  precipitating  Jar  and  add 
aJi  equal  volume  of  a  saturated  solution  of  ammonium  sulphate  and  1.3  cc.  of 
concentrated  sulphuric  acid  per  100  c.c.  of  urine.  Permit  the  mixture  to  Stand  for 
twenty-four  hours  and  remove  the  crystals  of  hippuric  add  byfUtration.  Purify 
the  cr>'Bt8ls  by  recrj'Btallization  according  lo  the  directions  given  above  under  First 
Method.  Examine  the  crystals  under  the  microscope  and  compare  them  with  those 
given  in  Rg.  11$.  page  389- 

It  ii  pos^bte,  by  the  above  technic,  to  isolate  hippuric  add  in  crystalline  fomi 
from  M  small  a  volume  as  !$-'$'>  c-c-  of  herbivorous  urine.  The  greater  the  amount 
c»f  amnnonium  sulphate  added  the  more  rapid  the  crystalliaation  until  at  the  satura- 
tion pciat  the  crystals  of  hippuric  add  sometimes  form  in  about  Itn  minutes. 


n.  METABOUSM  PROCEDURES  INVOLVING  THE 
MANIPTJLATION  OF  THE  FECES' 

24.  "Separation"  of  Feces. — In  order  to  differentiate  the  feces 
which  correspond  to  tho  food  ingested  during  any  given  interval  it  is 
customary  to  cause  the  person  under  observation  to  ingest  some  sub- 
stince,  at  the  beginning  and  end  of  the  period  in  question,  which  shall 
sufficiently  differ  in  color  and  consistency  from  the  surrounding  feces  as 
to  render  such  differentiation  comparatively  easy.  Two  "markers" 
very  widely  used  in  such  tests  are  ivood  charcoal  and  rurmine.  In 
making  an  actual  separation  of  feces  in  a  metabolism  experiment 
proceed  as  follows:  JiLst  preceding  or  in  the  early  part  of  the  first  meal 
(usually  breakfast)  of  the  metabolism  test,  ingest  a  gelatine  capsule 
(No.  00)  containing  0.3-0.3  gfam  of  carmine  or  charcoal.  From  this 
time  collect  all  stools  in  ftal-bottom  porcelain  dishes  and  examine  for  the 
presence  of  the  "marker."  .Ml  fecal  matter  containing  portions  of  the 
marker  may  be  considered  as  representing  the  diet  in  question.  This 
fecal  matter  should  be  retained  and  preserved  (see  page  588).  Just 
before  or  in  the  early  part  of  the  first  meal  (usually  breakfast)  following 
the  end  of  the  metabolism  testa  second  "marker"  in  a  gelatine  capsule 
should  be  ingested.  The  feces  should  be  carefully  inspected  until  the 
marker  makes  its  appearance.  Retain  all  fecal  matter  uncolored  by 
the  marker,  reject  the  remainder.  Frequent  difficulties  arc  encountered 
in  the  practical  separation  of  feces,  but  the  character  of  such  dilliculties 
will  be  most  satisfactorily  impressed  by  the  performance  of  actual 
separations. 

'  For  other  practical  work  on  feces  see  Chapter  XtV. 
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25.  Ct^ection  and  Preservation  of  Feces  and  the  Mixing  and 
Weighing  for  Analysis. — The  older  methods  in  vogue  in  mclabolism 
work  embraced  the  analysis  of  dried  feces.  Various  investigators  later 
demonstrated  that  the  drying  of  feces  was  accompanied  by  losses  and 
changes  of  some  of  the  organic  constituents  of  the  feces.'  Therefore 
the  chemical  examination  of  all  stools  whcrc%'er  possible  should  be 
made  on  the/rwA  feces.  If  a  study  is  being  made  which  extends  ovw 
5e\'eral  days  and  it  is  desired  to  economize  time  and  effort  in  tie 
chemical  examination  the  daily  fecal  output  or  an  aliquot  portion  of  each 
stool  may  be  collected  in  a  frictton-top  can  or  pail  of  suitable  size  And 
preserved  by  thymol  and  refrigeration.'  This  method  has  been  found 
satisfactor)-  when  the  ft-ces  arc  to  be  examined  for  inorganic  constituent! 
or  total  nitrogen.  For  the  determination  of  fat,  carbohydrate,  etc., 
thc/f«A  stool  should  be  employed. 

In  the  preserva,tion  of  lece*  for  the  determination  of  total  nitrogen 
the  following  simple  procedure  may  be  used:  Introduce  each  stool  into 
a  weighed  friction-top  can  or  pail  and  place  the  vessel  in  a  cold  room  <ii 
refrigerator."  At  the  end  of  the  period  mix  the  feces  thoroughly  aad 
analyze  wrighcd  portions.  In  case  individual  stools  are  analyzed,  the 
stool  should  be  collected  in  a  weighed  flat-bottom  porcelain  dish.'  After 
mixing  the  feces  very  thorouRhly  the  weight  of  dish,  spatula  and  feces  is 
determined  and  llie  weight  of  the  feces  secured  by  difference.*  A  por- 
tion of  the  well-mixed  feces  is  then  introduced  into  a  large  weighing 
bottle  containing  a  glass  hoe.  Desired  amounts  of  feces  are  then 
removed  for  analysis  ami  the  exact  weight  of  such  amounts  obtained  1 
difference. 

>6.  Bacterial  Mtrogeo  In  Fmsb.— About  jo  pet  cent,  of  the  total 
the  feces  is  made  up  of  bsctcrial  cells  (see  Chapter  XIV  on  Feces).    To  den 
»trale  this  point  proceed  lut  follows: 

(d)  Ingest  an  ordiofiry  mixed  diet.     Collect  u  TcpiescDtative  ftool  from  I 
diet  and  after  mixing  it  thoroughly  separate  the  bacterial  cells  from  a  weighed  por- 
tion as  'kscribcd  in  ChaptcrXlV.     After  MumininR  some  of  the  junpcnsion  undrt 
tite  microscope  and  noting  the  bacterial  cells  determine  the  bactciL&l  aitrogcaia 

'  Zaiuchek:  PfiUiert  Auk.,  tfi,  jqj,  1903. 
Scblmidiii:  fiiotk.  Zril ,  18,  1^;,  iq"- 
KOnin:  Landvr.  Vns.  Slat.,  3S,  130. 

Fiux  luiil  Ilollcc:  Rtpail.  Ptnn.  SuUf  CotUf.  ^  I33>  ltl«(- 
Ecnmctl  »nd  Grindlcy:  Jout.  Am.  Chim.  Soc.,  31,  s;o,  1909. 
'HoMe,  Kutlierford  uiid  Hawk:  /«»».  Amtr,  Clum.  Soc.,  j*.  1683,  1910.     ThhpiOC^ 
diuc  U  not  satiifactory  if  f»t  is  to  be  deternuacd  <Sruith.  Miller  and  Hawk;  ./pur.  BitL 
Ckrm..  31.  395,  1915).     Such  leca  ihaws  na  hydralyw  of  fat  tu  Ulty  add  aod  a  dtCKMl 
in  total  fat.  J 

'  The  author  uses  a  brine  lank  at  -  ii'C.  Id  which  the  feet*  are  ouiclily  (mttn^ 
*  The  ipnlula  for  miiing  the  hen  should  be  weighed  with  the  dish. 
*Ir  case  it  is  desired  an  iili^uiii  furl  of  each  stool  may  be  placed  in  a  frictioo-t 
orpaiJaad  preserved  u  a  "cumpoiiu.  sMnjAe"  loi  \Vue ipwtoi. 
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the  entire  volume  of  suspension  by  the  Kjcldohl  method'  (see  Chapter  XXVl). 
Also  determine  the  total  oiirogen  in  weighed  portions  of  the  ori^nal  feces  by  the 
KjeltUhl  method.  What  percentage  of  the  total  nitrogen  of  the  feces  is  bacterial 
nitrogen? 

(A)  If  it  is  de*ired  10  determine  the  actual  amoiitti  of  nitrogen  whirh  i»  excreted 
daily  ia  the  feces  in  the  form  of  bacicrial  cells,  proceed  as  follows:  Ingest  an  ordi- 
nary mixed  diet  for  a  period  of  three  days.  Separate  the  feces  for  thb  period  accord- 
ing to  directions  given  on  page  587,  using  charcoal  for  the  first  separation  and 
carmine  for  the  Mcond  or  vice  terja.  Preserve  the  feces  for  the  period  according 
to  directions  given  on  pitae  5S8.  Mix  the  weighed  feces  thoroughly  and  an^yxe 
for  bacterial  nitrogen  and  total  nitrogen  according  to  directions  given  elsewhere' 
(sec  Chapters  XIV  and  XXVI).  Calculate  the  actual  output  of  bacterial  nitrogen 
per  day  and  the  percentage  of  the  total  nitrogen  of  the  feces  which  was  excreted 
per  day  in  the  form  of  tsncti-rial  nitrogen. 

27.  "Metabolic  Product"  Nitrogen  in  Feces.— A  certain  quota  of  the  fecal 
nitrogen  i.i  due  lo  ilit  picsenct  oi  rtsiduei  o(  digestive  Si'cri'lions,  ei>ilhelial  cells, 
bacteria,  etc.  The  nitrogen  in  these  forms  has  been  called  "metabolic  nitrogen." 
To  determine  this  form  of  nitrogen  proceed  as  follows:  Ingest  a  non-nllrogenous 
diet  (or  a  period  of  two  days.  The  diet  may  include  desired  (|iiantilics  of  slafck, 
cream,  sugar,  butter.  WiUer  and  iodtum  ckloride.  .\bouI  ij  grams  of  iigar-agar 
should  be  ailded  to  the  diet  to  prevent  constipation  and  to  insure  the  evacuation 
of  approximately  the  normal  quantity  of  feces.  (For  inBucncG  of  agar-agar  sec 
Experiment  38.}  To  separate  the  feces  properly  ingest  a  capsule  of  carmine  at 
the  bcginniiig  of  the  test  and  one  of  charcoal  at  the  end  (sec  page  587).  Preser^'c 
the  feces  as  described  on  imge  58S.  After  mixing  llie  feces  thoroughly  detenoine 
the  nitrogen  in  nnghed  quantities  by  the  Kjcldahl  method^  according  to  direc- 
tions given  In  Chapter  XX\*I.  Calculate  the  quantity  of  ciilrogen  eUmlnated  per 
day.  Inasmuch  as  no  niUogen  was  ingested  the  nitrogen  present  in  the  feces  is 
of  metabolic  origin,  i.e.,  it  is  made  up  principally  of  nitrogen  in  Ihc  form  of  cells, 
digestive  secretions  and  bacteria. 

aS.  Influence  of  Indigestible  Non-Nitrogenous  Material  upon 
Fecal  Output.-  -This  may  be  demonstrated  by  agar-agar  ingestion. 
This  indigestible  hemicellulosc  has  the  property  of  absorbing  water 
readily  and  therefore  when  ingested  it  increases  the  bulk  of  the  feces 
considerably.  This  fact  is  made  use  of  in  some  forms  of  constipation 
and  in  the  determination  of  metabolic  product  nitrogen  (see  Experi- 
ment 37). 

Experiment. — Ingest  a  uniform  diet  for  four  days.  Divide  the  interval  into 
pefio<lG  of  two  days  each,*  and  "separate"  the  feces  by  charcoal  or  carmine  (see 
Experiment  34).  On  the  third  and  fourth  days  ingest  10  grams  of  agar-«gar  at 
each  meal  Collect  the  feces  for  each  two-day  period  {see  Experiment  34, 
page  587),  and  note  the  increase  in  the  daily  excretion  under  the  influence  of 
the  agar  ingestion.    What  was  the  increase  per  gram  of  agar? 

>  In  the  oiidatioiL  proceis  use  10  Rranis  of  poiawum  sulphate  instead  of  the  copper 
lulphale.     The  remainder  of  the  procedure  is  tlie  same  as  tor  urine. 

*  More  accurate  results  will  be  Mcured  if  the  bacterial  nitrogen  i*  determined  on  each 
Individual  stool  in  the  Irnb  coudltion. 

'Longer  periods  are  dciiiabic  ivhere  great  accuracy  Is  iJtnireA. 
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39-  Protein  Utilizatkm. — By  "protein  utilization"  is  meant  the 
percentaj^c  of  the  ingc<>t€(]  protein  which  is  actually  absorbed  and 
assimilated. 

This  may  be  determiiied  by  the  fotlowliig  proMdure:  Ingest  any  dietnl 
known  nitrogen  content  for  a  period  of  three  days'  (see  tat>le,  page  560).  Collect 
an  feces  from  Ihe  diet  making  the  "separations"  as  directed  on  page  5S7,  usine 
Mrmhi*  as  tbe  initial  "marker"  and  charcoal  as  the  final  "maiker"  or  vice 
versa.  Preserve  the  feces  as  directed  <m  page  58S.  Mix  the  total  feces  tboi' 
ougtdyand  determine  the  nitrogen  by  tbe  Kjeldabl  method  (see  Chapter  XXVIand 
note  on  page  589).  The  appronmate  nitrogen  utilization  may  be  calculated  ti 
follows: 
(Food  nitrogen  -  Feces  nitrogen)  X 100     .  ,  ,  . 

Food  nitrogen  =Apprioaunalc  percentage  nEtrogen  ntO- 

Itatlon.  If  it  is  desired  to  ascertab  the  actual  percentage  of  the  ingested  ni- 
trogen which  has  been  atilized  by  the  body  we  must  make  a  correction  for  meU- 
bolic  nitrogen.  In  doing  this  proceed  as  follows :  Ingest  a  non-nitrogenous  diet 
as  described  on  page  589  for  a  period  of  two  da)-s,  using  BufBdeal  agar-agar  n> 
insure  a  daily  fecal  output  which  shall  approximate  in  weight  that  obtaiDed  when 
the  regular  protein  diet  was  ingested.'  Separate  and  preserve  the  feces  u 
directed  on  page  58S.  Mix  thoroughly  and  aiulyie  for  nitrogen  according  Co 
the  Kjeldahl  method  (see  Chapter  XXVI  and  note  on  page  589).  Calculate  tht 
actual  percentage  utiliiation  of  the  diet  as  follows: 
(Food  Nitrogen  — (Fecal  nitrogen— metabolic  nitrogen)) X 100 

Food  nitrogen 

age  nitrogen  utiUiation.    If  urinary  nitrogen  is  detenmned  the  abore  dau 
enable  us  to  prepare  a  nitrogen  iMilance  (aee  Experiment  34,  page  59]). 

30.  Influence  of  Defective  Mastication  on  Food  Residues  in  Feces. — Rapid 
eating  accompanied  by  licfcciive  miulicaliun  leadn  to  ibe  appearance  of  nlativelf 
large  macroscopic  food  residues  in  the  feces.  Under  some  conditions,  howevcx,  ft^ 
ttin  utiiisalhn  (see  above)  may  be  as  satisfactory  during  food  "bolting"  as  wbcs 
the  foot!  is  very  thoroughly  masticated.*  This  problem  may  be  studied  by  the 
follow ing  method: 

_  (a)  Ingest  a  dirt  containing  meat  and  be  certain  to  masticate  the  diet  vny 
thoroughly.  Collect  a  stool,  examine  macroscopically;  mix  carefully  and  eicamiiK 
microscopically  (see  page  339). 

(b)  Ingest  a  diet  simQar  to  Uiat  employed  ia  above  eiqwrimciil  (a).  "Bot)" 
the  food,  i.t.,  ingest  it  pmcticaily  without  mastication.  Examine  tbe  feces  a 
above.  Note  the  difference  in  the  macroscopical  and  microiicopical  findings  undd 
(a)  and  (&). 

U  the  nitrogen  of  food  and  feces  is  determined  we  nuiy  calculate  tbe  ptoub 
utilization  (sec  Expcrimtrni  19).  By  the  additional  determination  of  utissiy 
nitrogen,  we  may  prifpare  n  nitrogen  balance  (sec  E.\pcrimenl  34,  page  S9»). 

'  See  note  3,  p.  589. 

■  It  is  IrMiuFully  difficult  to  so  regulate  Hie  aKaraRsr  blakesi  to  secure  tbe  proper  Mw 
output.  Innicb  tii  event  the  proper  value  for  metabolic  nitrogen  must  beobtaauabyw 
culntion.  For  ciAUplc  if  tiui  Riamsof  feces  naeucretcd  per  day  on  tbe  protein  dkt,ua 
■M.S  grams  per  lisy  Iwitli  a  nitroKen  value  of  o.j  RTKin)  when  sgar  was  employed,  ■k> 
actual  value  for  meiabulic  jitoduct  niuogen  may  be  obtained  by  ti)e  (olloviag  prworwa. 
assuming  that  the  content  of  luettbolic  nitrogea  is  proportioDBl  to  tbe  vd^t  of  Mcesn' 
cWed:  HO'i  -.it/b-i-.-.i  .0.%.    X  -  o.a68sram  metaboTic  Ditrogen  per  day. 

't'MteiMBd  llawit:  Jvuf.  AMtf.  Clicm.S<K.,^i,i»i,  v<)vv 
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^P  ji.  Fat  in  Feces. — A  normal  adult  will  digest  and  absorb  at  least 
90  per  cent  of  the  iat  in  the  diet  when  the  amount  ingested  doc-s  not 
ex<:«ed  loo  grains.  If  the  diet  contains  as  excessive  amount  of  fat, 
e.g.,  300  grams  per  day,  considerable  appears  in  the  feces.  In  pancreatic 
diseases  and  such  conditions  as  are  accompanied  by  a  decrease  in  bile 
flow  the  digestion  and  assimilation  of  fat  is  lessened. 

ExperiiTients. — (a)  Ingest  an  ordinary  mixed  diet  '•'■*'**'""■£  ^n  average  amount 
(rf  (at  per  day,  e.g.,  75-toO  grams.  Collect  a  stool  and  ezasilne  it  microscopically  as 
directed  in  Chapter  ZIV.  (b)  Now  ingest  a  diet  containing  an  excessive  quantity 
of  fat,  e.g.,  300  grams  per  day:  Separate  the  feces  and  subject  a  representatnre 
sample  of  the  feces  from  the  high  fat  diet  to  micTOBCopical  examination,  (c) 
If  it  is  desired  the  fat  may  be  extracted  from  some  of  the  stool  by  applying  the 
prindple  involved  in  the  quantitative  determination  of  fat  in  the  Saxon  method 
(tee  Chapter  XIV).  Evaporate  the  ether  extract  and  identify  the  fat  in  the  residue 
by  tests  given  in  Chapter  IX. 

32.  Carbohydrate  in  Feces. — Under  normal  conditions  the  great 
bulk  of  the  .soluble  carbohydrate  in  the  food  is  absorbed  from  the  intes- 
tine even  when  the  ingestion  is  high.  Hence  the  content  of  soluble 
carbohydrate  in  feces  is  low.     To  demonstrate  this  proceed  as  follows: 

(a)  Ingest  for  three  days  an  ordinary  mixed  diet  to  which  100  grams  of  glacoee 
or  socrose  is  daily  added.  Separate  and  preserve  the  feces  (see  page  5S8)  and 
when  thefinal  "marker"  nppearsertractan  aliquot  portion  of  the  total  mixed  feces' 
with  water,  decolorize  witlt  boneblack,  filter,  and  after  making  the  filtrate  up  to 
a  known  volume  determine  the  sugar  by  Benedict's  method  (see  page  5>a). 
Calculate  the  soluble  carbohydrate  content  of  the  feces  for  the  three-day  intervaL 
0>)  Proceed  as  above  with  the  exception  that  at  least  250  grams  of  sugar  should 
be  added  to  the  diet  instead  of  100  as  in  (a). 

How  did  the  daily  excretion  of  soluble  carbohydrate  In  (a)  compare  with  that 
la  (b)?  Why  is  this  so?  If  a  diet  of  known  carbohydrate  content  is  fed  this 
experiment  wilt  give  us  accurate  data  as  to  soluble  carbohydrate  utiUiation  (se« 
Protein  Utilization,  page  590).  If  it  is  desired  this  experiment  may  be  combined 
with  the  hypeiglycemia  and  glycosuria  experiments  on  pages  566  and  568.  See 
'also  Experiment  36,  page  593. 

33.  Inorganic  Elements  in  the  Feces. — The  salts  of  sodium  and 
potassium  beiug  very  soluble  are  almost  completely  absorbed  from  the 
intestine.  The  same  is  true  of  the  chlorides  including  that  of  sodium 
which  is  of  gre^itesl  iraportancv.  Hence  the  alkali  metals  and  chlorides 
are  excreted  mainly  in  the  urine  and  are  found  only  in  very  small 
amounts  in  the  feces  even  when  large  amounts  are  ingested.  With 
calcium,  magnesium,  iron  and  phosphate  conditions  arc  different.  Not 
only  are  sails  of  calcium,  magnesium  and  iron  less  readily  al>*orbed  but 
they  arc  excreted  to  a  large  extent  by  way  of  theintcstinal  mucosa  rather 
than  by  Ihc  kidneys.     Ordinarily  aboulgopertentofingestcd  calcium  is 

■  r  U  ttmepumiliit  Umorcutiifsctury  to»Qalyi«tacbindWUua.\&\(io\\Til*u>ivx\i&>^ia&. 
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eliminated  by  way  of  the  feces  and  a  UtUe  less  than  half  of  the  magna- 
ium.  From  20-30  per  cent  of  the  phosphorus  invested  is  usually  found 
in  the  feces. 

Eq>eninents.  (li)  Ineest  for  a  period  of  thre«  cUys  an  ordinary  moad  Aft 
without  added  sail  and  coDtaioing  do  milk.  S«pafate  lh«  feces  for  the  pciiod  (m 
page  5S7 1  and  retain  a  portion  of  the  well-mixed  feces  for  analysis. 

(b)  Proceed  as  above  wilh  the  exception  that  there  is  added  to  the  mixed  diet 
10  grams  of  mmmon  salt  and  a  quart  of  milk  (containing  about  1.6  gimms  of  CaO, 
0.1  gram  MgO,  1.4  grams  of  chloride  expressed  as  sodium  chloride,  and  1.1 
grams  PiOij.     Mix  fcceit  well  and  reserve  part  for  analysis. 

Ash  10  gram  samples  of  the  (•c«B  froiB  die  above  diets.  Dissolve  with  the  aid 
of  a  little  dilute  nitric  add,  filter  and  make  up  to  100  c.c.  Determine  in  aliquot 
portions  of  this  solution:  (i)  Chlorides  by  Volhard  method.  (3)  Calcium  and 
magnesium  by  McCrudden's  method,  ij)  Phosphorus  by  uranium  UlratloiL 
(For  details  of  analytical  melhodx  see  Chapter  XXVI.)  Calculate  the  percentagM 
of  the  added  Ca,  Mg,  P,  and  CI  which  U*  recovered  from  the  feces. 

For  a  more  detailed  study  of  chloride  excretion  combine  this  experiment  1 
Experiment  14  (see  Experiment  13). 


m.  METABOLISM  PROCEDURES  INVOLVING  THE 
MANIPULATION  OF  BOTH  URINE  AND  FECES 

34  Preparation  of  a  Metabolic  Balance.— This  t«t  entails  the 
analysis  of  the  food  ingested  and  of  the  urine  and  feces  excreted,  i.e.. 
a  study  gf  the  income  and  outgo.    Proceed  as  follows: 


■bi^ 


Select  a  diet  which  is  simple,  i.e.,  consists  of  few  constituents,  and  wi 
lends  itself  readily  to  accurate  chemical  analysis.    A  good  type  of  diet  for  ordi- 
nary metabollim  experlmenls  of  this  sort  consists  of  crackers  (graham  or  soda), 
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milk,  batter,  water  and  tgar-agar  (to  prevent  constipatioii].  Meat  tptoMBj 
prepared  in  qnanti^  niffldent  for  an  entire  experiment  may  also  be  utilized. 
bicest  unifoim  quantitieB  of  these  dietary  constituentB  eacli  day  for  a  period  of 
Oireedays.'  Make  an  accurate  collection  of  the  urine  passed  daring ttiia interval 
(see  fMgp  565)'  Separate  the  feces  representing  the  tiiree-day  period  (see  page 
587),  and  analyze  foods,  urine  and  feces.  The  balances  ordinarily  prepared  are 
tliose  for  nitrogen,  sulphur,  phosphorus  and  caldum.  Analytical  methods  for  the 
determination  of  these  elements  may  be  found  in  Chapter  XXVI. 

The  forgoing  table  includes  balances  obtained  in  a  metabolism  test  00 
acromega^.* 

35.  Excretion  of  Urinary  and  Fecal  Chloride  after  a  High  Chloride  Ingestion. — 
Combine  the  procedures  outlined  under  Experiments  14  and  33,  pages  576  and 

36.  A  Study  of  the  Bliminatioa  of  Carbt^ydiate  in  Urine  and  Feces  after 
Ezcesmve  Carbohydrate  Ingestion. — Combine  the  procedures  outlined  in  Experi- 
ments 5  and  3a,  pages  568  and  591. 

•  See  note  3,  p.  589. 

■  Bergcim,  Stewart  and  Hawk:  Jovr.  Expt.,  Med.,  20, 118,  1914. 
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Alizarin.' — A  i  per  cent  solution  of  alizarin  mono-sodium  sulptionate 
in  water. 

Aimen's  Reagent' — Dissolve  5  grams  of  tannic  add  in  240  c.c.  of 
50  per  cent  alcohol  and  add  10  c.c.  of  35  per  cent  acetic  add. 

Aluminium  Hydroride  Cream.' — To  a  i  per  cent  solution  of  ammon- 
ium alum  at  room  temperature  add  a  slight  excess  of  a  1  per  cent  solu- 
tion of  ammonium  hydroxide.  Wash  by  decantation  until  the  wa^ 
water  shows  only  the  faintest  trace  of  residue  on  evaporation. 

Ammoniacal  Silver  Solution.* — Dissolve  26  grams  of  silver  nitrate 
in  about  500  c,c.  of  water,  add  enough  ammonium  hydroxide  to  redis- 
solve  the  predpitate  which  forms  upon  the  first  addition  of  the  ammon- 
ium hydroxide  and  make  the  volume  of  the  mixture  up  to  i  liter  with 
water. 

Ammaohun  Thiocyanate  Solution.' — This  solution  is  made  of  such 
a  strength  that  1  c.c.  of  it  is  equal  to  1  c.c.  of  the  standard  silver  nitrate 
solution  mentioned  below.  To  prepare  the  solution  dissolve  12.9  grams 
of  ammonium  thiocyanate,  NH4SCN,  in  a  little  less  than  a  liter  of 
water.  In  a  small  flask  place  20  c.c.  of  the  standard  silver  nitrate 
solution,  5  c.c.  of  a  cold  saturated  solution  of  ferric  alum  and  4  c.c.  of 
nitric  add  (sp.  gr.  1.2),  add  water  to  make  the  total  volume  100  cc,  and 
thoroughly  mix  the  contents  of  the  flask.  Now  run  in  the  ammonium 
thiocyanate  solution  from  a  burette  untU  a  permanent  red-brown  tinge  is 
produced.  This  is  the  end-reaction  and  indicates  that  the  last  trace 
of  sUver  nitrate  has  been  predpitated.  Take  the  burette  reading  and 
calculate  the  amount  of  water  necessary  to  use  in  diluting  the  ammon- 
ium thiocyanate  in  order  that  10  cc.  of  this  solution  may  be  ezacUy 
equal  to  10  c.c.  of  the  silver  nitrate  solution.  Make  the  dilution  and 
titrate  again  to  be  certain  that  the  solution  is  of  the  proper  strength. 

Amold-Lipliawslqr  Reagent.' — This  reagent  consists  of  two  deflnite 
solutions  which  are  ordinarily  preserved  separately  and  mixed  just  before 
using.     The  two  solutions  are  prepared  as  follows: 

(a)  One  per  cent  aqueous  solution  of  potassium  nitrate. 

'Indicator  in  various  procedures,  pp.  174  and  4S1. 

'  Ott's  precipitation  test,  p.  429.     Determination  of  lactalbumin,  p.  3«q. 

'  Removal  of  proteb  b  various  methods,  pp.  339,  485. 

*  Salkowslti's  method,  p.  516. 

*  Voiiiard-Arnold  method,  p.  556,  and  Dchn-CUrk  method,  p.  SS7' 
'  Arnold -Lipliawsky  leactifiQ,  p.  AAO. 
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(b)  One  gram  of  p-amino-acetophenon  dissolved  in  loo  c.c.  of 
distilled  water  and  enough  hydrochloric  add  (about  a  c.c.)  added  drop 
by  drop,  to  cause  the  solution,  which  is  at  first  yellow,  to  become  entirely 
colorless.    An  excess  of  add  must  be  avoided. 

Asbestos  fOT  Suction  Filters.'  The  asbestos  is  shredded,  placed  in  a 
wide  mouth  flask  and  covered  with  lo  per  cent  HCl.  Heat  on  water- 
bath  for  five  hours.  Filter  on  Buchner  funnel,  wash  free  from  add, 
return  to  the  fiask,  cover  with  5  per  cent  NaOH  and  heat  on  water-bath 
for  three  hours.  Filter,  wash  free  from  alkali,  then  with  dilute  acid 
and  finally  with  water  until  free  from  add.  Suspend  in  a  large  volume 
of  water,  allow  to  settle  for  five  minutes.  Pour  off  the  upper  two-thirds 
and  discard.  Repeat  the  washing  of  the  desired  coarse  portion  several 
times  until  the  supernatant  liquid  remains  nearly  dear. 

Bang's  Sugar  Reagents.^ — (a)  Acid  KCl  Solution.— Consisting 
of  1360  C.C.  of  saturated  KCl  to  which  is  added  640  c.c.  of  water  and 
1.5  C.C.  25  per  cent.  HCI. 

(A)  Stock  Copper  Solution. — Introduce  into  a  1000  c.c.  flask  700  c.c. 
of  boiled  and  cooled  water.  Warm  to  about  30°C.  and  add  160  grams 
of  pure  potassium  bicarbonate  in  powder  form.  When  dissolved  and 
66  grams  of  pure  KCl.  Cool  and  then  add  100  grams  potassium  carbon- 
ate. Finally  add  100  c.c.  of  4.4.  per  cent,  solution  of  pure  crystalline 
copper  sulphate.  Let  stand  a  short  time,  then  make  to  mark  with 
boiled  water.     Allow  to  stand  a  day  or  so  before  using. 

(c)  N/200  I  Solution. — Made  fresh  each  day.  Dilute  N/io  I 
solution  20  times.  Or  make  as  follows:  Introduce  into  a  100  c.c. 
flask  2  grams  KI,  1-2  c.c.  of  2  per  cent  KIOj  solution  and  5  c.c.  of  N/io 
HCI.    Make  to  mark  with  boiled  and  cooled  distilled  water. 

(d)  Starch  Solution. — A  i  per  cent,  solution  of  Kahlbaum's  soluble 
starch  in  a  saturated  KCl  solution. 

(e)  Dilute  Copper  Solution. — Dilute  300  c.c.  of  the  stock  solution 
to  1000  c.c.  Mix  with  only  gentle  shaking.  Let  stand  several  hours 
before  using. 

Barfoed's  Solution.' — Dissolve  4.5  grams  of  neutral,  crystallized 
copper  acetate  in  100  c.c.  of  water  and  add  1.2  c.c.  of  50  per  cent  acetic 
acid. 

Baryta  Mixture.* — A  mixture  consisting  of  i  volume  of  a  saturated 
solution  of  barium  nitrate  and  2  volumes  of  a  saturated  solution  of 
barium  hydroxide. 

'  See  methods  entailing  use  of  Gooch  crudbles. 
'  Determination  of  sugar,  pages  280  and  S»4. 
'  Barfoed's  test,  p.  30. 
'  Isolation  of  urea  from  urine,  p.  375. 
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Basic  Lead  Acetate  Solution. ' — This  solution  possesses  the  following 
formula: 

Lead  acetate 180  grams. 

Lead  oxide  (Litbaige) no  gruni. 

Distilled  water  to  make 1000  grams. 

Dissolve  the  lead  acetate  in  about  700  ex.  of  distilled  water,  with  boiling. 
Add  this  hot  solution  to  the  finely  powdered  lead  oxide  and  boil  for  one- 
half  hour  with  occasional  stirring.  Cool,  filter  and  add  sufi&dent  dis- 
tilled water  to  the  filtrate  to  make  the  weight  i  kg. 

Benedict's  Solutions.* — First  Modification. — Benedict's  modified 
Fehling  solution  consists  of  two  definite  solutions — a  copper  sulphate 
solution  and  an  alkaline  tartrate  solution,  which  may  be  prepared  as 
follows : 

Copper  sulphate  solution  =  34.65  grams  of  copper  sulphate  dissolved 
in  water  and  made  up  to  500  c.c. 

Alkaline  tartrate  solution  =  100  grams  of  anhydrous  sodium  carbon- 
ate and  173  grams  of  Rochelle  salt  dissolved  in  water  and  made  up  to 
100  c.c. 

These  solutions  should  be  preserved  separately  in  rubber-stoppered 
bottles  and  mixed  in  equal  volumes  when  needed  for  use.  This  is  done 
to  prevent  deterioration. 

Second  Modification. — Benedict  has  further  modified  his  solution 
and  has  succeeded  in  obtaining  one  which  does  not  deteriorate  upon 
long  standing.     It  has  the  following  composition: 

Copper  sulphate 17.3  grams. 

Sodium  citrate 173.0  grams. 

Sodium  carbonate roo.o  grams. 

Distilled  water  to  make  i  liter. 

With  the  aid  of  heat  dissolve  the  sodium  citrate  and  carbonate  in 
about  600  c.c.  of  water.  Pour  (through  a  folded  filter  paper  if  neces- 
sary) into  a  glass  graduate  and  make  up  to  850  c.c.  Dissolve  the 
copper  sulphate  in  about  100  c.c.  of  water  and  make  up  to  150  c.c. 
Pour  the  carbonate-citrate  solution  into  a  large  beaker  or  casserole  and 
add  the  copper  sulphate  solution  slowly,  with  constant  stirring.  The 
mixed  solution  is  ready  for  use  and  does  not  deteriorate  upon  long 
standing. 

Benedict's  Sugar  Reagent.^ 

Copper  sulphate  (crystallized) 18.0  grams. 

Sodium  carbonate  (crystallized,  one-half  the  weight  of  the 

anhydrous  salt  may  be  used) joo.o  grams. 

Sodium  or  polassiuni  citrate, 300.0  grams. 

Potassium  thiocyanate 135.0 grams. 

Poiassium  ferrocyanide  (s  per  cent  solution) S  .0  c.c. 

Distilled  water  to  make  a  total  volume  of 1000. o  cc 

'Indican  determination,  p.  542. 

'Benedict's  modifications  o£  Ftli\\tiE's\.tat,^p,  it  and  t,ii. 
'Quantitative  determination  oi  sugar,  p.  s^^. 
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With  the  aid  of  heat  dissolve  the  carbonate,  citrate  and  thiocyanate 
ia  enough  water  to  make  about  800  c.c.  of  the  mixture  and  fUtei  if 
necessary- 
Dissolve  the  copper  sulphate  separately  in  about  100  c.c.  of  water 
and  pour  the  solution  slowly  into  the  other  liquid,  with  constant  stirring. 
Add  the  ferrocyanide  solution,  cool  and  dilute  to  exactly  i  liter.  Of  the 
various  constituents,  the  copper  salt  only  need  be  weighed  with  exact- 
ness.   Twenty-five  c.c.  of  the  reagent  are  reduced  by  50  mg,  of  glucose, 

Benedict's  Sulphur  Reagent 

CrysUllized  copper  nitrate,  sulpbur-fiee  or  of  known  sulphur 

content 300  gtuuft. 

Sodium  orpot&BNum  cblonte 50  grams. 

Distilled  vater  to looo  c.c. 

Benzidine  Solutions  for  Volumetric  Sulphur  Determinations. 

— (a)  Rosenheim  and  Drummond. — Rub  4  grams  of  benzidine  (Kahl< 
baum)  into  a  fine  paste  with  about  lo  c.c.  of  water  and  transfer  to  a 
2-liter  flask  with  the  aid  of  about  500  c,c,  of  water.  Add  500  c.c.  of  con- 
centrated HC!  (sp.  gr.  1. 19)  and  make  up  to  2  liters  with  distilled 
water,  150  c.c.  of  this  solution,  which  keeps  indefinitely,  are  sufficient 
to  precipitate  0.1  gram  HjSO*. 

(i)  Raiziss  and  Dubin. — Put  6.7  grams  of  benzidine  (Merck  Reagent) 
inai-Uterflask,  add29C.c.  of  hydrochloric  acid  (sp.  gr.  1.12)  and  dilute 
up  to  the  mark. 

Bertnmd  Sugar  Reagents.' — (a)  Copper  Sulphate  Solution. — Forty 
grams  of  pure  crystallized  copper  sulphate  are  dissolved  in  water  to 
make  a  liter. 

(ft)  Dissolve  200  grams  of  Rochelle  salts  and  150  grams  of  NaOH  in 
water  to  make  1000  c.c. 

(c)  Acid  Ferric  Sulphate  Solution. — Dissolve  50  grams  of  ferric  sul- 
phate in  about  200  c.c.  of  water  and  pour  into  this  a  mixture  of  200  c.c. 
of  concentrated  sulphuric  acid  diluted  with  about  400  c.c,  of  water. 
Mix  and  make  to  1000  c.c. 

(d)  Potassium  Permanganate  Solution. — Dissolve  5  grams  of  potas> 
siiun  permanganate  in  water  to  make  1000  c.c.  Standardization. — 
Dissolve  0.250  gram  of  ammonium  oxalate  in  50-100  c.c,  of  water  add 
1-3  c.c.  of  concentrated  sulphuric  acid  and  titrate  with  the  permangan- 
ate to  a  rose  color.  Multiply  the  number  of  grams  of  oxalate  used  by 
0.895  ^o  S^^  ^^  equivalent  in  Cu  of  the  number  of  cubic  centimeters  of 
permanganate  used.     Calculate  the  Cu  value  of  i  c.c. 

'  DetenninatioQ  a[  sugar,  p.  517. 
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Bial's  Reagent.' 

Orcinol 1.5    grams. 

Fuming  HCl 500. 00  grams. 

Ferric  chloride  (10  per  cent) itr-30  drop*. 

Biuret  Reagent,  Gies.^ — This  reagent  consists  of  lo  per  cent  KOH 
solution  to  which  25  c.c.  of  3  per  cent  CuSO*  solution  per  liter  has  been 
added.  This  imparts  a  slight  though  distinct  blue  color  to  the  dear 
liquid. 

Biuret  Paper  (Eantor  and  Gies).* — Immerse  filter  paper  in  Gies' 
Biuret  Reagent  (above)  then  dry  and  cut  into  strips. 

Black's  Reagent^ — Made  by  dissolving  5  grams  of  ferric  chloride 
and  0.4  gram  of  ferrous  chloride  in  100  c.c.  of  water. 

Blood  Serum. — This  may  easily  be  obtained  in  quantity  by  the 
procedure  described  under  Hemagglutination  in  the  chapter  on  Blood. 

Boas'  Reagent.^ — Dissolve  5  grams  of  resordnol  and  3  grams  of 
sucrose  in  100  c.c.  of  50  per  cent  alcohol. 

Bonnano's  Reagent^Dissolve  2  grams  of  sodium  nitrite  in  100  c.c. 
of  concentrated  hydrochloric  add. 

Bottu's  Reagent — To  3.5  grams  of  tf-nitrophenylpropiolic  add 
add  5  C.C.  of  a  freshly  prepared  10  per  cent  solution  of  sodium  hydroxide 
and  make  the  volume  of  the  solution  t  liter  with  distilled  water. 

Carmine-Fibrin.^ — Prepared  by  running  fibrin  through  a  meat 
chopper,  washing  carefully  and  placing  in  H  per  cent  ammoniacal 
carmine  solution  (very  Uttle  excess  ammonia  should  be  present)  until 
the  maximum  coloration  of  the  fibrin  (dark  red)  is  obtained.  The  fibrin 
is  then  washed  in  water  and  in  water  addified  with  acetic  add.  It  is 
preserved  under  glycerol. 

Chloride  Reagents  for  Blood  AnalyBis.' — (a)  An  add  M/39.35 
-solution  of  silver  nitrate,  i  c.c.  of  which  is  equivalent  to  2  mg.  of  NaCl. 

AgNOi 5.811  gnms. 

HNO.(sp.  gr.  1 .42) as©  ex. 

Water  to looo  ex. 

(b)  A  solution  of  M/58.5  potassium  iodide,  i  c.c.  of  which  is  equiva- 
lent to  I  mg.  of  NaCl. 

KI 3.0  grams. 

Water  to looo  c.c. 

This  solution  is  standardized  against  the  alver  solution  by  adding  5  cc. 
of  the  latter  to  5  c.c.  of  solution  (c)  and  titrating  with  the  iodide  solution 

'  Test  for  pentose,  p.  37- 
'Protein  tests,  p.  loo. 
■Black's  reaction,  p,  44i- 
'Test  for  free  acid,  p.  154- 
*  Tests  on  proteases,  p.  11. 
•  Method  of  McLean  and  Van  SlyVe,  p.  aMi. 
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to  the  blue  end  point.    The  iodide  solution  is  then  diluted  to  such  a 
degree  that  lo  c.c.  are  exactly  equivalent  to  5  c.c.  of  the  silver  solution, 
(c)  A  solution  used  as  an  indicator,  to  regulate  addity,  and  provide 
an  oxidizing  agent. 

Sodium  citrate  (N«iC.H|OT+l>in,0) «6-o  Btwm. 

Sodinm  altiilc sa.o   KARRIS. 

Solnble  ttArch i-S  graia*. 

Wturtft —  iooojo  c.c. 

The  Btarch  is  first  dissolved  with  the  aid  of  heat  in  about  500  c.c.  of  the 
water.  The  dtrate  and  nitrite  are  then  added,  and  the  mixture  is  heated 
until  all  is  dissolved.  The  solution  while  still  hot  is  filtered  through 
cotton,  the  filter  washed  with  hot  water,  the  filtrate  allowed  to  cool, 
and  made  up  to  toco  cc    The  solution  keeps  indefinitely. 

Combmed  Hydlrochloric  Add  (Protein  Salt).— To  prepare  so-called 
combined  hydrochloric  acid  simply  add  a  soluble  protein  such  as  Witte's 
peptone  to  fru  hydrochloric  add  of  the  desired  strength  until  it  no 
longer  responds  lo  free  acid  tests  {see  chapter  on  Gastric  Digestion). 
For  example,  if  0.3  per  cent  combined  add  is  required  the  protein  would 
be  added  to  o.a  per  cent  free  hydrochloric  add. 

■  Strictly  speaking  there  is  no  such  thing  as  "  combined  "  add  in  this 
tense.    When  the  protein  is  added  a  protein  salt  of  the  add  is  formed 

IvUch  ionizes  differently  from  the  free  add. 
Congo  Red. "^Dissolve  0.5  gram  of  Congo  red  in  90  cc.  of  water 
and  add  10  c.c,  of  95  per  cent  alcohol. 
Congo  Red-Fibrin. — This  may  be  prepared  by  pladng  fibrin  in 
faintly  alkaline  Congo  red  solution  and  heating  toSo^C.     The  fibrin  is 
then  washed  and  preserved  under  glycerol. 

Creatinine,  Standard  Solution  for  Colorimetric  Method.* — Dissolve 
1  gram  oi  pure  creatinine  in  1000  c.c.  of  N/io  liCl.  The  solution  con- 
tains X  mg.  of  creatinine  per  cubic  centimeter. 

■  Cross  and  Sevan's  Reagent — Combine  Iwo  parts  of  concentrated 
™liydrochloric  add  and  ont  part  of  zinc  chloride  by  weight. 

Ehdkh's  Diazo  Reagent^' — Two  separate  solutions  should  be  pre- 
pared and  mixed  in  definite  proportions  when  needed  for  use. 

(fl)  Five  grams  of  sodium  nitrite  dissolved  in  i  liter  of  distilled  water. 

(i)  Five  grams  of  sulphanilic  add  and  50  cc.  of  hydrochloric  acid  in 
il  liter  of  distilled  water. 

Solutions  (a)  and  (b)  should  be  preser\'ed  in  well-stoppered  vessels 
and  mixed  in  the  proportion  i :  50  when  required.     Green  asserts  that 

*  Tot  for  bw  wid,  p.  i  ]!  3. 
*Dctenilta>tkia  of  cicatiiiiiie,  p.  50& 
'EbtEcb's  <Uu»  iMttion,  p.  454. 
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greater  delicacy  is  secured  by  mixing  the  solutions  in  the  pioportion 
i:ioo.  The  sodium  nitrite  deteriorates  upon  standing  and  becomes 
unfit  for  use  in  the  course  of  a  few  weeks. 

Esbach's  Reagent.' — Dissolve  lo  grams  of  picric  add  and  20  grams 
of  citric  add  in  1  liter  of  water. 

Fehling:*s  Scdution.' — Fehling's  solution  is  composed  of  two  definite 
solutions — a  copper  sulphate  solution  and  an  alkaline  tartrate  solution, 
which  may  be  prepared  as  follows; 

Copper  sulphate  solution  =  34.65  grams  of  copper  sulphate  dissolved 
in  water  and  made  up  to  500  c.c. 

Alkaline  tartrate  solution  =  125  grams  of  potassium  hydroxide  and 
173  grams  of  Rochelle  salt  dissolved  in  water  and  made  up  to  500  cc 

These  solutions  should  be  preserved  separately  in  rubber-stoppered 
bottles  and  mixed  in  equal  volumes  when  needed  for  use.  This  is  done 
to  prevent  deterioration. 

Ferric  Alum  Solution.' — A  cold  saturated  solution. 

F(din-Sfaa£fer  Reagent' — This  reagent  consists  of  500  grams  of  am- 
monium sulphate,  5  grams  of  uranium  acetate,  and  60  c.c.  of  10  per 
cent  acetic  add  in  650  c.c.  of  distilled  water. 

Formalin  Solution  (Neutral).* — To  50  c.c.  of  commerdal  formalde- 
hyde solution  (30-40  per  cent)  add  i  c.c.  of  phenolphthalein  solution 
and  then  standard  alkali  solution  until  the  mixture  assumes  a  faiat 
red  color.  The  solution  should  be  freshly  prepared  for  each  set  of 
determinations. 

Furfural  Sohition.' — Add  i  c.c.  of  furfural  to  1000  cc.  of  dbtilled 
water. 

Gallic  Acid  Solution.^ — A  saturated  alcoholic  solution. 

Guaiac  Sohition.' — Dissolve  0.5  gram  of  guaiac  resin  in  30  cc  of 
95  per  cent  alcohol. 

Gulick*s  Acid  Oxidizing  Mixture." — To  125  cc.  of  ammonia  free 
water  add  40  cc.  of  sulphuric  add,  5  cc.  of  a  saturated  solution  of 
mercuric  chloride,  and  30  grams  of  potassium  sulphate.  Then  make  up 
to  200  c.c.  with  ammonia-free  water. 

Gulick's  ModifiedWinkler  Solution.*'' — Dissolve  40  grams  of  sodium 

■  Esbacb's  method,  p.  531. 

*  Fehliog's  method,  p.  523.    Fehling's  test,  pp.  16  and  416. 
'  Volhard- Arnold  method,  p.  556. 
'  Folio-Shaffer  method,  p.  511. 
'  Formol  titration  procedure,  p.  501. 

'  Mylius's  modification  of  Pettenliofer's  test,  pp.  loS  and  4  34,  v.  Udr&niky't  test,  M** 
loS  and  434. 

'  Gallic  acid  test,  p.  323. 
'  Guaiac  test,  pp.  15,  335,  26:,  and  433. 
'  Determination  of  total  nitrogen,  p.  490. 
'"Determination  of  total  cUiogen,  p.  41^. 
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hydroxide  in  about  300  c.c.  of  ammonia-free  water.  Mix  15  grams  of 
mercuiic  iodide  and  10  grams  of  potassium  iodide  and  dissolve  in  about 
15  c.c.  of  water.  Transfer  with  the  aid  of  the  alkali  to  a  500  ex.  volu- 
metric flask  and  make  up  to  500  c.c.  with  ammonia-free  water.  Trans- 
fer to  an  Erlenmeyer  flask  and  let  stand  24  hours  to  settle. 

GUnzbei^s  Reagent' — Dissolve  2  grams  of  phlorogludnol  andi 
gram  of  vanillin  in  100  c.c.  of  95  per  cent  alcohol. 

Haines'  S(dution.' — This  solution  may  be  prepared  by  dissolvii^ 
8.314  grams  of  copper  sulphate  in  400  c.c.  of  water  adding  40  c.c.  of 
glycerol  and  500  c.c.  of  5  per  cent  potassiirai  hydroxide  solution. 

Hammarsten's  Reagent* — Mix  i  volume  of  25  per  cent  nitric 
add  and  19  volumes  of  25  per  cent  hydrochloric  add  and  add  i  volume 
of  this  add  mixture  to  4  volumes  of  95  per  cent  alcohol.  It  is  prefer- 
able that  the  add  mixture  be  prepared  in  advance  and  allowed  to  stand 
until  yellow  in  color  before  adding  it  to  the  alcohol. 

Hayem's  Solution. — This  solution  has  the  following  formula: 

Mercuric  chloride o,  15  gtams. 

Sodium  chloride 0.5    gnnu. 

Sodium  sulphate 3.5    grams. 

DUtilled  water 100.0   grams. 

Hopkins-Cole  Reagent* — To  i  liter  of  a  saturated  solution  of 
oxalic  add  add  60  grams  of  sodium  amalgam  and  allow  the  mixture 
to  stand  until  the  evolution  of  gas  ceases.  Filter  and  dflute  with  2-3 
volumes  of  water. 

Hopkins-Cole  Reagent  (Benedict's  Modification). — Ten  grams 
of  powdered  magnesium  are  placed  in  a  large  Erlenmeyer  flask  and 
shaken  up  with  enough  distilled  water  to  liberally  cover  the  magnesium. 
Two  hundred  and  flfty  c.c.  of  a  cold,  satiu'ated  solution  of  oxalic  add  is 
now  added  slowly.  The  reaction  proceeds  very  rapidly  and  with  the 
liberation  of  much  heat,  so  that  the  flask  should  be  cooled  under  running 
water  during  the  addition  of  the  add.  The  contents  of  the  flask  are 
shaken  after  the  addition  of  the  last  portion  of  the  add  and  then  poured 
upon  a  filter,  to  remove  the  insoluble  magnesium  oxalate.  A  little 
wash  water  is  poured  through  the  filter,  the  filtrate  addified  with 
acetic  add  to  prevent  the  partial  predpitation  of  the  magnesium  on  long 
standing,  and  made  up  to  a  liter  with  distilled  water.  This  solution 
contains  only  the  magnesium  salt  of  glyoxylic  add. 

Hypobromite  Solution."— The  ingredients  of  this  solution  should 

'  Teat  for  free  acid,  p.  154. 
'Haines'  test,  p.  419. 

*  Hammars ten's  reaction,  pp.  :□?  and  433. 
'Hopkins-Cote  reaction,  p.  98. 

•  Methods  for  determination  of  urea,  p.  4g6. 
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be  prepared  in  the  form  of  two  separate  solutions  which  may  beimited 
as  needed. 

(a)  Dissolve  135  grams  of  sodium  bromide  in  water,  add  135  grams 
of  bromine  and  make  the  total  volume  of  the  solution  i  liter. 

(b)  A  solution  of  sodium  hydroxide  having  a  spedfic  gravity  of 
1.25.     This  is  approximately  a  32.5  per  cent  solution. 

Preserve  both  solutions  in  rubber-stoppered  bottles  and  when  needed 
for  use  mix  i  volume  of  solution  (a),  1  volume  of  solution  (b),  and  3 
volumes  of  water. 

Iodine  Solution  (N/io).' — Weigh  out  13.685  gr'ams  of  pure  resub- 
limed  iodine  into  a  small  weighing  bottle  using  a  porcelain  spatula. 
Dissolve  18  grams  of  pure  KI  in  about  150  c.c.  of  water.  Transfer  the 
iodine  to  a  liter  flask  washing  out  the  last  traces  with  some  of  the  EI 
solution,  which  is  then  poured  into  the  flask.  Stopper  and  shake 
occasionally  until  dissolved.  If  necessary  a  few  more  crystals  of  KI 
may  be  added  to  aid  solution.  Dilute  to  the  mark  and  mix  well. 
Keep  in  glass-stoppered  bottle  in  cool  dark  place.  Standardize  at  once 
against  N/io  sodium  thoisulphate  solution.  Measure  out  accurately 
35  C.C.  of  the  iodine  solution  into  an  Erlenmeyer  flask,  run  in  sodium 
thiosulphate  until  the  color  is  pale  yellow,  then  add  a  few  cubiccenti- 
meters  of  a  i  per  cent  solution  of  starch  (preferably  soluble  starch) 
and  titrate  to  disappearance  of  blue  color.  Care  should  be  taken  near 
the  end  point. 

Iodine  Solution.* — Prepare  a  3  per  cent  solution  of  potasaum  iodide 
and  add  sufficient  iodine  to  color  it  a  deep  yellow. 

Iodine-Zinc  Chloride  Reagent*— Dissolve  so  grams  of  zinc  chloride 
in  8-5  c.c.  of  water.  Cool,  and  introduce  iodine  solution  (3  grams  Kl-f- 
1.5  gram  I  in  60  c.c.  of  water)  drop  by  drop  until  iodine  begins  to  pre- 
cipitate. 

Kraufs  Reagent* — Dissolve  373  grams  of  potassium  iodide  in 
water  and  add  80  grams  of  bismuth  subnitrate  dissolved  in  300  grains 
of  nitric  add  (sp.  gr.  1.18).  Permit  the  potassium  nitrate  to  crystallize 
out,  then  Alter  it  off  and  make  the  filtrate  up  to  i  liter  with  water. 

Lead  Acetate,  Basic.     (See  Basic  Lead  Acetate.) 

Lugol's  Sdution.* — Dissolve  4  grams  of  iodine  and  6  grams  of  potas- 
sium iodide  in  100  c.c.  of  distilled  water. 

Magnesia  Mixture.*— Dissolve  175  grams  of  magnesium  sulphate 
and  350  grams  of  ammonium  chloride  in  1400  c.c.  of  distilled  water. 

'  Determination  of  acetone  and  acetoacetic  acid,  p.  5  35. 

•  Iodine  test,  p.  45. 

'  Amyloid  (ormatioD,  p.  49. 

•  Rosenheim's  bismuth  test  for  choline,  p.  357. 

'  Gunning's  iodoform  test,  page  ^i6,  md  Batdadi'*  reaction,  p.  lor. 
•Method  for  detennination  ol  total ptosphora^,^.  ^^v 
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Add  700  giams  of  concentrated  ammonium  hydroxide,  mix  thoroughly, 
and  preserve  the  mixture  in  a  glass-stoppered  bottle. 

Magnesium  Nitrate  Solution  for  Ignition.' — Dissolve  320  grams  of 
calcined  magnesia  in  nitric  add,  avoiding  an  excess  of  the  latter;  then 
add  a  little  calcined  magnesia  in  excess;  boil;  hlter  from  the  excess  of 
magnesia,  ferric  oxide  etc.,  and  dilute  with  water  to  2  liters. 

Methyl  Red.' — Saturated  solution  in  50  per  cent  aJcohol. 

Millon's  Reagent* — Digest  i  part  (by  weight)  of  mercury  with 
2  parts  (by  weight)  of  nitric  add  (sp.  gr.  1.42)  and  dilute  the  resulting 
solution  with  3  volumes  of  water. 

Molisch's  Reagent* — A 15  per  cent  alcoholic  solution  of  a-naphthol. 

Molybdate  Solution.' — Dissolve  100  grams  of  molybdic  add  in  144 
c.c.  of  ammonium  hydroxide  (sp.  gr.  0.90)  and  371  c.c.  of  water;  slowly 
and  with  constant  stirring  pour  the  solution  thus  obtained  into  489  c.c. 
of  nitric  add  (sp.  gr.  1.4a)  and  1148  c,c.  of  water.  Keep  the  mixture  in 
a  warm  place  for  several  days,  or  until  a  portion  heated  to  40°C.  deposits 
no  yellow  predpitate  of  ammonium  phosphomolybdate.  Decant  the 
solution  from  any  sediment  and  preserve  in  glass-stoppered  bottles, 

MOmer's  Reagent* — Thoroughly  mix  i  voluqie  of  formalin,  45 
volumes  of  distilled  water,  and  55  volumes  of  concentrated  sulphuric 
add. 

Nakayama's  Reagent^ — Prepared  by  combining  99  c.c.  of  alcohol 
and  I  c.c.  of  fuming  hydrochloric  add  containing  4  grams  of  ferric 
chloride  per  liter. 

o-NaphthoI  Solution.' — Dissolve  i  gram  of  a-naphthol  in  100  c.c  of 
95  per  cent,  alcohol. 

Nessler-Vfinkler  Solution. 

MennjTic  iodide 10  grams. 

PotAsaium  iodide S  grams. 

Sodium  hydroxide 10  grams. 

Water 100  c.c. 

The  mercuric  iodide  is  rubbed  up  in  a  small  porcelain  mortar  with 
water,  then  washed  into  a  flask  and  the  potassium  iodide  added.  The 
sodium  hydroxide  is  dissolved  in  the  remaining  water  and  the  cooled 
solution  added  to  the  above  mixture.  The  solution  deared  by  standing 
is  preserved  in  a  dark  bottle. 

■  Determinatiou  of  phosphonu,  p.  554. 

'  Determination  of  H  ion  concentration,  pp.  15S  and  480. 
'  Millon'R  reaction,  p.  97. 

*  Moliich'i  reaction,  p.  at. 

*  Detection  and  determination  of  pho^horus,  pp.  1 19  and  554. 

*  MSrner's  teat,  p.  86. 

'  Nakajrama'i  reaction,  pp.  307  and  431. 

■  Oxidase*  p.  14-    For  other  o-naphthol  solution  see  Ualiick  ttMlivk. 
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Neutral  Olive  OiL' — Shake  ordinary  olive  oil  with  a  lo  per  cent 
solutioD  of  sodium  carbonate,  extract  the  mixture  with  ether,  aod 
remove  the  ether  by  evaporatioo.     The  residue  is  neutral  olive  oil. 

Neutral  Red.' — A  i  per  cent  solution  in  50  per  cent  alcohol. 

p-Nttrophencd.* — A  i  per  cent  solution  in  50  per  cent  alcohol. 

Nyknder's  Reagent' — Digest  2  grams  of  bismuth  subnitrate 
and  4  grams  of  Rochelle  salt  in  100  c.c.  of  a  10  per  cent  solution 
of  potassium  hydroxide.  The  reagent  should  then  be  cooled  and 
filtered. 

Obermayer's  Reagent.* — ^Add  2-4  grams  of  ferric  chlorid  to  a 
liter  of  hydrochloric  add  (sp.  gr.  1.19). 

Oxalated  Plasma.' — Allow  arterial  blood  to  run  into  an  equal  volume 
of  0.2  per  cent  ammonium  oxalate  solution. 

Para-dimethylaminobenzaldehyde  Scdution.* — This  solution  is  made 
by  dissolving  5  grams  of  para-dimethylaminobenzaldehyde  in  100  c.c. 
of  10  per  cent  sulphuric  add. 

Para-phenylenediamine  Hydrochloride  Solution.^ — Two  grams  dis- 
solved in  100  c.c.  of  water. 

Peters'  Sugar  Reagents.' — (a)  Copper  Solution. — Dissolve  34.639 
grams  of  highest  purity  crystallized  copper  sulphate  (such  as  Kahl- 
baum's  "zur  analyse  mit  garandeschein")  in  water  to  make  500  c.c. 

(6)  Alkaline  Tartrate  Solution. — Dissolve  173  grams  of  sodium 
potassium  tartrate  and  135  grams  of  potassium  hydroxide  in  water  to 
make  500  c.c. 

(c)  N/$  Sodium  Thiosulphate. — Dissolve  about  50  grams  of  ordinary 
c.p.  sodium  thiosulphate  or  exactly  49.66  grams  of  the  pure,  dry, 
recrystallized  salt,  in  enough  boiled  out  distilled  water  to  make  i 
liter.  Allow  to  stand  for  several  days.  The  solution  should  be  stan- 
dardized against  the  copper  solution  prepared  as  above.  For  thii 
purpose  introduce  20  c.c.  of  the  copper  solution  into  a  200  cc.  Erlen- 
meyer  flask,  add  20  cc.  of  strong  acetic  add  (30  per  cent)  and  40  tc  of 
water.  Add  about  7  grams  of  a  saturated  solution  of  KI  and  titratt 
with  the  thiosulphate  using  starch  as  an  indicator.  Calculate  th« 
equivalent  of  i  cc.  of  thiosulphate  in  Cu.  One  cc.  of  the  copper 
sulphate  solution  contains  1 7.647  mg.  of  Cu.  The  thiosulphate  remains 
constant  for  some  months.     It  should  be  kept  in  a  dark  bottle. 

'  Etnulsificftlion  of  fats,  p.  iSo. 

'Determination  of  H  ion  concentration,  pp,  158  and  480, 

'  Nylander'a  test,  pp.  39  and  420. 

'  Obermayer'a  test,  p.  388, 

*  Experiments  on  blooa  plasma,  p.  268. 

'  Hertei's  para'dimethyfaminobenzaldehyde  reaction,  p.  iig. 

'  Detection  of  hydrogen  petoride,  p.  32  j. 

•  determination  of  sugar,  p.  555. 
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Pheno^thalein.' — Dissolve  i  gram  of  phenolphthalein  in  zoo  c.c. 
of  95  per  cent  alcohol. 

Permanganate  Solution  (Albaline)  for  Van  S^ke  Method.' — The 
alkaline  permanganate  solution  contains  50  grams  of  potassium  per- 
manganate and  25  grams  of  potassium  hydroxide  per  liter. 

Potassium  Permanganiite  Standard  (N/io)  Sotution. — Dissolve 
3.162  grams  of  pure  potassium  permanganate  in  a  liter  of  oUstilled 
water,  allow  to  stand  a  few  days,  and  filter  through  glass  wool.  Stand- 
ardize against  N/io  oxahc  add  solution  or  against  pure  dry  sodium  or 
potassium  oxalate.  One  c.c.  of  N/io  permanganate  is  equivalent  to 
7.0  mg.  of  sodium  oxalate. 

Phenylhydrazine  Mixture.' — This  mixture  is  prepared  by  com- 
bining I  part  of  phenylhydrazine-hydrochloride  and  2  parts  of  sodium 
acetate  by  weight.    These  are  thoroughly  mixed  in  a  mortar. 

I^aiylhydrazine-Acetate  Sohition.* — This  solution  is  prepared  by 
mixing  i  volume  of  glacial  acetic  acid,  i  volume  of  water,  and  2  volumes 
of  phenylhydrazine  (the  base). 

Picramic  Acid. — Permanent  Standard  for  Lewis-Benedict  Shod  Sugar 

Method.^— \  solution  of  picramic  acid  makes  a  very  satisfactory 

permanent  standard.     The  color  is  identical  in  quality  with  that  formed 

in  the  method  and  its  solution  keeps  perfectly.    The  formula  of  the 

permanent  standard  is: 

Picramic  acid 0.064  gram. 

Sodium  carbonate  (anhydrous) o.ioo  grani. 

Water  to  make 1000,0     c,c. 

Dissolve  the  picramic  acid  with  the  aid  of  heat  in  25-50  c.c.  of  distilled 
water  which  has  been  made  alkaline  with  sodium  carbonate.  Cool  and 
dilute  to  I  liter.  This  solution  has  the  same  intensity  of  color  as  that 
obtained  by  the  proposed  method  with  0.64  mg.  of  sugar  when  the 
final  volume  of  the  reaction  Quid  is  made  10  c.c.  The  solution  should 
be  standardized  against  pure  glucose.  A  satisfactory  preparation  of 
picramic  acid  may  be  obtained  from  the  J.  T.  Baker  Chemical  Co., 
■Phillipsburg,  N.  J. 

Roberts'  Reagent.' — Mix  i  volume  of  concentrated  nitric  acid  and 
5  volumes  of  a  saturated  solution  of  magnesium  sulphate. 

Rosenheim's  lodo-Potassium  Iodide  Solutum.^ — Dissolve  2  grams 
of  iodine  and  6  grams  of  potassium  iodide  in  100  c.c.  of  water. 

'  TJJpfer's  method,  p.  174. 
'Determination  of  amino-acid  uitrogeo  p.  SS. 
'Phenylhydrazine  reaclioa,  pp.  sa  and  413.    \ 
*  FhenyUiydrazine  reaction,  pp.  11  and  413. 


*  Determination  oCaugar  in  blood,  p.  379. 

•  Roberts'  ring  test,  pp.  104  and  414 
'  Rosenheim's  periodide  test,  p.  373. 
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Sahli's  Reagent' — This  reagent  consists  of  a  mixture  of  equal  parts 
of  a  48  per  cent  solution  of  potassium  iodide  and  an  8  per  cent  solution  of 
potassium  iodate. 

Salted  Plasma. ^^ — Allow  arterial  blood  to  run  into  an  equal  volume 
of  a.  saturated  solution  of  sodium  sulphate  or  a  10  per  cent  solution  of 
sodium  chloride.  Keep  the  mixture  in  the  cold  room  for  about  24 
hours. 

Schweitzer's  Reagent* — Add  potassium  hydroxide  to  a  solution  of 
copper  sulphate  which  contains  some  ammonium  chloride.  Filter  off 
the  precipitate  of  cupric  hydroxide,  wash  it,  and  bring  3  grams  of  the 
moist  cupric  hydroxide  into  solution  in  a  liter  of  20  per  cent  ammonhim 
hydroxide. 

Scott-Wilson  Acetone  Reagents.* — (a)  Mercury  Reagent. — ^TOs 
reagent  is  made  up  as  follows:  Mercuric  cyanide  10  grams,  sodium 
hydroxide  180  grams,  water  izoo  c.c.  The  solution  is  agitated  in  a  flask 
and  400  c.c.  of  a  0.7268  per  cent  solution  of  silver  nitrate  slowly  nm  in. 
Let  stand  three  days  and  decant  supernatant  liquid.  The  silver  nitrate 
solution  is  made  by  taking  i  part  of  standard  silver  nitrate  solutioii 
(i  C.C.  =  10  mg.  NaCl)  and  3  parts  of  water. 

(b)  Standard  Potassium  Thiocyanate  Solution. — Make  up  an  approxi- 
mately 0.1  per  cent  solution  of  potassium  thiocyanate  and  standardize 
it  against  mercuric  nitrate  or  silver  nitrate.  It  is  convenient  to  have  the 
solution  of  such  strength  that  i  c.c.  =  i  mg.  of  Hg. 

(c)  Acid  Mixture. — Nitric  add  40  parts,  sulphuric  add  5  parts,  and 
water  55  parts. 

(d)  Permanganate  N/s  Solution. — Dissolve  6.324  grams  of  potassiun 
permanganate  in  water  and  make  up  to  a  liter. 

SeUwanoffs  Reagent* — Dissolve  0.05  gram  of  resordnol  in  100  c.a 
of  dilute  (i  12)  hydrochloric  add. 

Sherrington's  Solution.* — This  solution  possesses  the  following 
formula: 

M ethylene-blue o.  i  gnun. 

Sodium  chloride t.i  grams. 

Neutial  potassium  oxalate x.i  grams. 

Distilled  water 300.0 grams. 

Silver  Nitrate  Solution.^ — Dissolve  29.042  grams  of  silver  nitrate  in 
I  liter  of  distilled  water.     Each  cubic  centimeter  of  this  solution  is 

'  Determination  of  free  acid,  p.  164. 
'  Eiperiments  on  blood  plasma,  p.  168. 
'  Schweitzer's  solubility  test,  p.  4g. 

*  Determination  of  acetone  and  acetoacetic  add,  pp.  184  and  536. 
'  Seliwanoff's  reaction,  pp.  35  and  447. 
'  "Blood  counting,"  p.  305. 

'  VoJiard- Arnold  method,  p.  ss^.  Mofei'i  method,  p.  558,  and  Dehn-Claik  wtl*' 
P-  S5S. 
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equivalent  to  o.oi  gram  of  sodiuin  chloride  or  to  0.006  gram  of 
chlorine. 

Sodhmi  Acetate  Solution.' — Dissolve  100  grams  of  sodium  acetate 
in  800  c.c.  of  distilled  water,  add  100  c.c.  of  30  per  cent  acetic  add 
to  the  solution,  and  make  the  volume  of  the  mixture  up  to  i  liter  with 
distilled  water. 

Sodium  Alcoholate  (N/io)  Solution.'— The  sodium  alcoholate  is 
made  by  dissolving  2.3  grams  of  cleaned  metallic  sodium  in  i  titer  of 
absolute  alcohol.  It  is  advisable  that  it  be  slightly  weaker  than  stronger 
than  tenth-normal.  It  may  be  standardized  against  pure  benzoic  add 
in  washed  chloroform.  It  may  also  be  standardized  against  N/io  HCl 
provided  the  alcoholate  solution  contains  not  more  than  traces  of 
carbonate. 

Sodium  Alizarin  Sulphonate.^ — Dissolve  i  gram  of  sodium  alizarin 
sulphonate  in  100  c.c.  of  water. 

:  Sodium  Sulphide  Solution.* — Saturate  a  i  per  cent  solution  of 
sodium  hydroxide  with  hydrogen  sulphide  gas  and  add  an  equal  volume 
of  I  per  cent  sodium  hydroxide. 

Sodium  Thiosu^phate  Standard  (N/io)  Solution.*— Weigh  out  25 
grams  of  ordinary  c.p.  sodium  thiosulphate  or  24.83  grams  of  the  pure 
dry  recrystallized  salt.  Dissolve  in  water  and  dilute  to  a  liter.  Boiled 
distilled  water  must  be  used.  Keep  in  a  bottle  with  a  siphon  arrange- 
ment and  carrying  a  soda  lime  tube  to  exclude  COi- 

It  is  best  standardized  against  add  potassium  iodate  KH(IOi)i. 
Weight  out  accurately  0.3249  gram  of  add  potassium  iodate.  Dissolve 
in  50  C.C.  of  water,  heating  gently  if  necessary.  Transfer  the  solution  to 
a  100  C.C.  flask,  rinsing  the  beaker  Carefully  and  make  to  mark  with 
water.  This  solution  is  exactly  dednormal.  Pipette  out  25  c.c.  into  an 
Erieimieyer  flask,  add  i  gram  of  potassium  iodide  dissolved  in  a 
little  water,  and  a  few  cubic  centimeters  of  dilute  hydrochloric  add. 
Titrate  immediately  with  the  thiosulphate  solution.  When  the  solution 
becomes  pale  yellow  add  a  few  cubic  centimeter  of  i  per  cent  solution  of 
soluble  starch  and  titrate  to  loss  of  blue  color. 

Solera's  Test  Paper. '—Saturate  a  good  quality  of  filter  paper  with 
0.5  per  cent  starch  paste  to  which  has  been  added  sufEdent  iodic  add 
to  make  a  i  per  cent  solution  of  iodic  add  and  allow  the  paper  to  dry 
in  the  air.     Cut  it  in  strips  of  suitable  size  and  preserve  for  use. 

'Vrsnium  acetate  method,  p.  551. 

'Determination  of  bippuric  add,  p.  519. 

'Tflpfer's  method,  p.  174. 

*  Kiiljer  and  Schmidt's  method,  p.  513. 

'  DeterminatioQ  of  acetone  and  acetoacetic  acid,  p.  533. 

'Solera's  reaction,  p.  59. 
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^egjer's  Reagent' — This  reagent  has  the  following  compo^tion: 

Tartaric  acid 30  granu. 

Mercuric  chloride 40  granu. 

Sodium  chloride 50  granu. 

Glycerol 100  gtam*. 

Distilled  water 1000  giama. 

Starch  Iodide  Solution. '^ — Mix  o.i  gram  of  starch  powder  with 
cold  water  in  a  mortar  and  pour  the  suspended  starch  granules  into  75- 
100  c.c.  of  boiling  water,  stirring  continuously.  Cool  the  starch  paste, 
add  20-25  grams  of  potassium  iodide  and  dilute  the  mixture  to  50  c.c 
This  solution  deteriorates  upon  standing,  and  therefore  must  be  freshly 
prepared  as  needed. 

Starch  Paste. — Grind  2  grams  of  starch  powder  in  a  mortar  with  a 
small  amount  of  water.  Bring  soo  c.c.  of  water  to  the  boiling-point  and 
add  the  starch  mixture  from  the  mortar  with  continuous  stirring.  Bring 
again  to  the  boiling-point  and  allow  it  to  cool.  This  makes  an  approxi- 
mate I  per  cent  starch  paste  which  is  a  very  satisfactory  strength  for 
general  use. 

Stokes'  Reagent* — A  solution  containing  a  per  cent  ferrous  sulphate 
and  3  per  cent  tartaric  add.  When  needed  for  use  a  small  amount 
should  be  placed  in  a  test-tube  and  ammonium  hydroxide  added  until 
the  precipitate  which  forms  on  the  first  addition  of  the  hydroxide  has 
entirely  dissolved.  This  produces  ammonium  ferrotartrate,  which  is  a 
reducing  agent. 

Suspension  of  Manganese  Dioxide.^ — Made  by  heating  a  0.5  per 
cent  solution  of  potassium  permanganate  with  a  little  alcohol  until  it  is 
decolorized. 

Tanret's  Reagent  ° — Dissolve'  1.35  grams  of  mercuric  chloride  in 
25  C.C.  of  water,  add  to  this  solution  3.32  grams  of  potassium  iodide 
dissolved  in  25  c.c.  of  water,  then  make  the  total  solution  up  to  60  cc. 
with  distilled  water  and  add  20  c.c.  of  glacial  acetic  acid  to  the  mixture. 

Tincture  of  fodine.* — Dissolve  70  grams  of  iodine  and  50  grams  of 
postassium  iodide  in  i  liter  of  95  per  cent  alcohol. 

ToiBOn's  Solution.' — This  solution  has  the  following  formula: 

Methyl  violet 0.015  gnun- 

Sodium  chloride 1.0     gram. 

Sodium  sulphate 8.0     grams. 

Glycerol 30.0     gramt. 

Distilled  water 160.0     grama. 

'  Spie^ler's  liog  test,  pp.  104  and  4J4. 

'  Fehling's  method,  p.  s^3- 

'  Hemoglobin,  p.  190.     Hemochiomogen,  p.  igg. 

'  Krliger  and  Schmidt's  method,  p.  513. 

•  Tanret's  test,  pp.  104  and  4JS. 

'Smith's  test,  pp,  268  and  43J. 

'"Blood  counting,"  p.  305. 
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TOpf  el's  Reagent ' — Dissolve  o.  5  gram  of  di-methylaminoazobenzene 
in  100  C.C.  of  95  per  cent  alcohol. 

Tropseolin  OO.* — Dissolve  0.05  gram  of  tropaeolin  00  in  loocc. 
of  50  per  cent  alcohol, 

TTffelmann's  Reagent' — Add  a  5  per  cent  solution  of  feiric  chloride 
to  a  I  per  cent  solution  of  carbolic  acid  until  an  amethyst-blue  color  is 
obtained. 

Uranium  Acetate  Solutirai.* — Dissolve  about  35.0  grams  of  uranium 
acetate  in  i  liter  of  water  with  the  aid  of  heat  and  3-4  c.c.  of  glacial 
acetic  acid.  Let  stand  a  few^days  and  filter.  Standardize  against  a 
phosphate  solution  containing  0.005  ff^^f^  of  PiOt  [>er  cubic  centimeter. 
For  this  purpose  dissolve  14.721  grams  of  pure  air-dry  sodium  am- 
monium phosphate  (NaNH4HP04+4HsO)  in  water  to  make  a  liter. 
To  20  c.c.  of  this  phosphate  solution  in  a  aoo  c.c.  beaker  add  30  c.c. 
of  water  and  5  c.c.  of  sodium  acetate  solution  (see  above)  and 
titrate  with  the  uranium  solution  to  the  correct  end  reaction  as  indi- 
cated in  the  method  proper,  page  552.  If  exactly  20  c.c.  of  uranium 
solution  are  required  i  c.c.  of  the  solution  is  equivalent  to  0.005  gi&tn 
PtOs.  If  stronger  than  this  dilute  accordingly  and  check  again  by 
titration. 

Urease.* — (a)  Soy  Bean  Meal. — Grind  the  soy  bean  to  a  powder 
which  will  pass  through  a  20-mesh  sieve. 

(6)  Solid  Urease  Preparation. — Digest  i  part  of  soy  bean  meal  with 
5  parts  of  water  at  room  temperature,  with  occasional  stirring  for  an 
hour,  and  clear  the  solution  by  hltratioa  through  paper  pulp  or  centri- 
fugation.  Pour  this  extract  slowly,  with  stirring,  intoatleast  10  volumes 
of  acetone.  The  acetone  dehydrates  the  enzyme  preparation.  Filter, 
dry  in  vacuum  and  powder.  For  standardization  procedure  see  the 
determination  of  urea  in  urine. 

(c)  Enzyme  Solution. — Dissolve  2  grams  of  urease,  prepared  as  above, 
together  with  0.6  gram  of  di-potasstum-hydrogen  phosphate  and  0.4 
gram  of  mono-potassium-dihydrogen  phosphate  in  10  c,c.  of  water. 
The  solution  may  be  kept  under  toluol  for  two  weeks,  without  losing 
activity. 

Uric  Acid  Reagents." — (a)  Silver  Magnesium  Solution. — 

3  per  cent  silver  lactate  solution 70  c.c. 

Magnesia  mixture 30  c.c, 

Concentrated  ammonium  hydroxide  solution 100  c.c. 

'TOpfer's  method,  p.  174. 

•Test  for  free  acid,  p-  154. 

■  USelmana's  reaction,  p.  170. 

'  Phosphate  determination,  p.  55a. 

>  Determi nation  of  urea,  p,  491. 

*  Determination  of  uric  acid,  p.  374  and  p.  510. 
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(6)  Uric  Acid  Reagent  for  Colorimetric  Method. — Place  loo  grams  of 
sodium  tuQgstate,  So  c.c.  of  85  per  cent  phosphoric  add,  and  750  c.c.  of 
distilled  water  in  a  liter  flask.  Boil  the  mixture  with  a  reflux  condenser 
for  two  hours,  cool  and  dilute  to  1  liter,  filtering  if  necessary. 

(c)  Sodium  Carbonate  Solution. — Dissolve  200  grams  anhydrous 
sodium  carbonate  in  warm  water  and  make  up  to  i  liter. 

(rf)  Uric  Acid  Formaldehyde  Standard. — Place  i  gram  of  uric  acid  in 
a  liter  volumetric  flask  and  dissolve  with  200  c.c.  of  a  0.4  per  cent  lithium 
carbonate  solution.  Add  to  the  solution  40  c.c.  of  40  per  cent  formalde- 
hyde solution,  shake  the  mixture  and  allow  to  stand  for  a  few  minutes. 
Acidify  the  clear  solution  with  20  c.c.  of  normal  acetic  acid  and  dilute 
to  mark  with  distilled  water  The  solution  should  remain  perfectly 
dear  and  the  next  day  (not  before)  may  be  standardized  against  a 
freshly  prepared  solution  of  uric  add  in  lithium  carbonate.  The  color 
produced  by  5  c.c,  of  this  solution  corresponds  very  dosely  to  that 
produced  from  i  mg.  of  pure  uric  add.  The  colorimeter  reading  ob- 
tained from  the  solution  when  thus  compared  with  pure  uric  add  (i  mg.) 
is,  of  course,  thereafter  used  as  the  standard  value  corresponding  to  i  mg. 
of  uric  acid, 

(e)  Uric  Acid  Standard  in  Phosphate  Solution. — Dissolve  9  grams  of 
pure  crystallized  disodium  hydrogen  phosphate,  together  with  i  gram 
of  crystallized  sodium  dihydrogen  phosphate,  in  200  to  300  c.c.  of  hot 
water,  and  filter  if  the  solution  is  not  perfectly  clear.  Make  this 
filtrate  up  to  about  500  c.c.  with  hot  water,  and  pour  this  hot  or  warm 
(and  perfectly  clear)  solution  upon  exactly  200  mg,  of  pure  uric  add 
suspended  in  a  few  cubic  centimeters  of  water  in  a  liter  volumetric 
flask.  Agitate  the  mixture  for  a  few  minutes  until  the  uric  add  com- 
pletely dissolves.  Cool,  add  exactly  1.4  c.c.  of  gladal  acetic  add, 
dilute  to  the  mark,  and  mix.  Add  about  5  c.c,  of  chloroform  to  pre- 
vent the  growth  of  bacteria  or  moulds  in  the  solution.  Five  c.c.  of 
this  solution  contain  exac'ly  i  mg.  of  uric  add. 

The  solution  of  uric  acid  in  the  phosphate  solution  is  very"readily 
.  prepared,  does  not  need  to  be  standardized,  and  appears  to  keep 
indefinitely. 
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INTERNATIONAL  ATOMIC  WEIGHTS,  1916 


□  »i6. 

Aluminium Al  27.1 

AntimoDy Sb  no,  a 

Arseoic As  74-96 

Barium Ba  137-37 

Bismuth Bi  308-0 

Boron B  11. o 

Bromine Br  79-93 

Cadmium Cd  119,40 

Calcium Ca  40-07 

Carbon..,., C  1I-005 

Chlorine. CI  35-46 

Chromium Cr  jj.o 

Cobalt Co  58.97 

Copper Cu  63.37 

Fluorine F  19.0 

Glucinum 01  9.1 

Gold Au  197.1 

Hydrogen H  1-008 

Iodine. . , I  136-91 

Iridium '.  .  It  193.1 

Iron Ft  SS-84 

Lanthanum La  139  -  o 

Lead Pb  307 .  30 

Lithium Li  6.94 

Magnesium Mg  34.33 


o="i6. 

Manganese Mri  54.93 

Mercury Hg  300.6 

Molybdenum Mo  96.0 

Nickel Ni  58.68 

Nitrogen N  14.01 

Osmium Os  190.9 

Oxygen O  16.00 

PftUadiura Pd  106.7 

Phosphorus P  31.04 

Platinum Pt  195.3 

Potassium K  39. 10 

Radium Ra  336-0 

Selenium Se  79-  a 

Silicon Si  18-3 

Silver Ag  107  88 

Sodium Na  23.00 

Strontium Sr  87 .  6j 

Sulphur S  33-06 

Tantalum Ta  181.5 

Tellurium Te  "7.5 

Tin...    Sn  iiH-7 

Titanium Ti  48- 1 

Tungsten W  184,0 

Uranium U  338. 3 

Zinc Zn  65.37 
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Abderhalden  test  for  pregnancy,  priacipte  oi.  3 
Abtoiption  of  carbobydraie  ai  iii6ucriced  fay  fat 

lugeation,  56S 
Acacia  lolatLon,  formation  of  enmlsion  by,  T7S 
Acctoacctic  acid.  370,  3^4.  41a.  43S,  S39 

AmoM'LipliawilEy  teat  Cor,  440 

formula  for,  43  S 

Gcrhardfa  teat  for,  439 

Hurtlay'i  reaction  for,  440 
Le  Nobel  reaction  for,  430 

quaatitativB  deterrniiutiof]  of,  184,  394,  539 
Acetone,  3-}0,  aS4,  394.  41a.  «35i  53^ 

bodies,  >70.  384,  435>  533 

d£t«miin»tiDn  of  in  blood,  304 
of  in  urinei  533 

f orTQola  for,  435 

Prommer'a  teat  for,  43^ 

Gunnin^'a  iodoform  teat  for.  436 

Legal'*  iodoform  teat  for,  437 

Lieben'fl  test  for.  437 

quultitativQ  deterrninHtion  of,  384,  3^4,  53B 

Reynolda-Gmuxing  test  for.  43  S 

Rotbera'i  reaction  for,  43S 
Acholic  itool,  >33 
Achroo-dexlrin*,  43.  sfi 

o-achroo^aitrin,  56 

^acbroo-dcutriTi,  s6 

'y-achroo-deitrin,  56 
Add,  acetic,  335.  370,  3f>T 

acetoHCBtic,  >70,  ?04,  41a,  43S,  530 

alloiyproteic,  369.  39a 

unino-acetic,  69,  71 

anaino-bntytic.  ai4 

amino4thyl-au1  phonic,  1041346 

a-amino-^hydroxy-propiontc,  60,  73 

d-amLno-^imidacol-propiomc.  6ft,  7T 

a-amino-Jso-butyt'Acetic,  69,  fg 

A-amiQo-^'inetby^0-etfayl' propionic,  68,  So 

a-amiao- normal  glutanc,  £9.  Si 

a-amino-pTOpionjc,  6S,  71 

amina-gucciiiic,  61^,  81 

amino- valerianic,  114 

a-amino-tao-valcnanic  {lee  Valine),  69,  7S 

oMliamioo-^dithiolaclyl,  69.  75 

aipartic.  69,  fti 

bentoic,  73,  369.  390.  39$,  5S3.  sS6 

butyric,  a,  310.  333,  370,  3fl7 

caproic,  313.  319 

CHTbamic,  347 

chotic.  304 

chondroitin-Bulpburic,  333,  369,  39a 

citric,  3T3 

combined  hydrochZoiic  (protein  ult).  56,  i4aa 

cyanuric,  373 
a-^-diaminO'Caproic,  6A,  So 


Acid,  diaminotrihydroxydodecanoic.  6 A,  S5 
diaco-benvane-Bulpbooic,  454 
ethereal  aulphuric.  aia,  369,  385 
fatty.  176,  178,  i8a.  3ia,  370,  397 
formic,  76.  370,  357 

free  hydrochloric,  56.  140,  155,  164,  175 
■lucothionjc.  467 
glutamic,  69.  8> 

glycerophoaphoric,  3S3-  3S4.  370,  39P 
Ulycocholic.  a04 
ElycoBuric,  391; 
glycuronic,  36,  38,  44a 
glyoiylic,  98 

guaTudine-a-am!Do-viJ«riani<:,  ti8,  79 
bippuric.  73,  369.  IBS,  390.  306,  5B5 
homogentiiic.  36.  369,  394,  417 
hydroKymandelic,  369^  39S 
iminHaolpropiontc.  al4 
indolacetic,  S14.  49a 
indole-fl-araino-pTtipionic,  68,  77 
indoKyt-Bulphuric.  iia.  369,  385 
inofiinic.  34],  346 
kynurenic.  369,  394 

lac:tic-  40,  140,  iS9.  i70i  Sl4f  34°i  34' 
tauric.  313 

mucic.  36,  40.  44S.  446 

myriltic.  313  - 

nucleic  94,  i>3.  114*  r30-'33 
osmic,  3S6 
sialic.  360.  3lHi  S4S 

oxalaric.  369-  397 

OKy-a-pyrfoIidine-carboxylic,  68,  8$ 

oxyproCeic.  369,  391 

palmitic.  176,  177,  181.  181 

parH-creaoleaulphuric,  369,  3S5 

para-oiyphenyl-acetic,  aia.  314,  369,  394 

para-oxy-tf-phcnyl-ft-amino-propiomc,  69, 74 
86 

para-oxy  phenyl -propionic,  aia.  3i4i369,394 

paralacrtic.  347.  314,  34ii  3*70.  398 

phEnacecuric.  370,  398 

phenol-aulphuric,  369,  3SS 

phenylacetic,  114 

phenyl- a-amino  propionic,  69,  73 

phenyl  propionic.  114 

phoiphocamic.  34t»  346,  370,  399 

phoBphoric,  406 

pyrocBtcchiii-sulphuric,  369.  389 

a-prrTolidine-carboxylic,  68,  89 

larcolactic.  34a 

skatole  acetic.  77 

skatole  carbonic.  ai7.  no 

akatoxyl<iDlphuric,  369,  385 

Btraric,  177,354 

succinic,  ai4 
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Acid.  t»cmcp  45.  4^.  ro3 
tborocholict  ao4 
tridtloTothrlstucujomc.  4L7 
one.  26,  i37rJ47p  274.34'- 3<X>,  371.  3TTj4S8. 

460,  4TS*  StV 
orocanic,  370,  Jp8 
orDferric.  369,  sgi 
uroleucic,  3613 

vdiLtile  f Hlty.  313,  315.  370.  j^ 
Acid  albumiaAiq^     Sec  Add  mettprotein. 
Acid-formiofl  foodi.  influence  of  on  hrdroBcn  ion 

conceatration  of  urine.  5S0 
Acid  infraprotein.     Set  Acid  metaprotein. 
Add  metaprotein,  95.  llSi  ud 
coagulation  of.  llO 
BKperimentB  on,  116 
prccipitatLon  of,  116 
preparation  of.  116 
so!ubi1ity  of,  116 
tulpbur  content  of.  J 16 
Acidity  of  gutnc  juice,  quantitative  determina- 
tion of,  14a.  rs^,  161 
urine,  cause  of.  361,  406 

quantitative  detennination    df,  by  hy- 
drogen  ion  concentration,  ^40 
by  titration.  470 
Addoiii,  44T.  57& 

metabolism  in,  57A 
Add-beiimtin.  354,  360.  iSKi 
Acree-RMenheim  forronldthyde  rMCtioQ,  100 
Acrolein,  formation  of.  from  otive  oil.  iBo 

from  glycerol,  1S3 
Activation.  6,  1B7 
Activation  by  caldum  lalta,  TH7 
Adam's  paper  coil  method  for  determinatton  of 

fat  in  milkp  336 
Adaptation,  57 
Adcnaae,  4 

Adenine,  4,  laj,  I3fi,  T37.  13a,  347.  370,  40T 
Adipocere,   170 

Adrenaline,  determiaation  of  in  adnnali,  3od 
Affar-ogar.  20.  50,  3jj,  5^9 
ABglutinalion.  350.  163 
Alanine.  (tS.  72,  ^14 
Albumin,  egg.  gj,  lOT 

cryatallisedt  preparation  of,  106 
pDi^dered,  preparation  of.  107 

teats  on,  107 
serum.  03.  345,  369.  413,  413 
solution,  preparation  of.  97 
Albumin  in  urine.  413.  431 

acptic  add  and   potassium  ferrocyanide 
tcsl  for.  435 
coaguluiiun  ur  bulling  teat  fnT,  434 
detcrminalion  of.  iji 
Helltr's  rinn  lest  for.   -i,! 
Ri'berta'  rioK  lost  fur,  434 

aitilimii  thluride  and  acclic  acid  test  for,  435 
Spcei-lcr's    rJni;    t«l    for.    4JJ 
Tanrtt's  tt'st  fr»r.  425 
tests  for    j2i 
Albumins,  'j.i.  'i^,  96 
Album in.iT<^s.     Sit  Mwaprr.t^-in!;. 
Afbumin.itcs.  formalion  of.  by  mer^llii:  salts.   io3 
Albumm'uds,  iji.  iij,  .130 
Albisriioscciiic.   JOJ.  433 
Albumon-s  isfv  Pr"H''iSt:*'.  p,  US') 
AlcQhol-s^lul.U-  proteins  Uec  Pntl:*mins.  p.  ml 


Alcoholic-ainc  chloride  teit  for  urobilin,  401 

Aldehyde.  35.  43 

Aldehyd*  groap,  39 

Aldehyde  test  for  alcohol.  43 

V.  Aldor'i  method  of  detecting  proteose  in  vrioe, 

437 
Aldooe,  19 

Aliphatic  nudeui.  65,  tiS 

Ali*»nn  yellow  R.  use  of,  as  indicator.  157.  isS 
Alkali  albuminate.     See  Alkali  metaprotein. 
Alkali-hematin,  354,  398 
Alkali  metaprotein.  95,  ITS.  itA 
experiment!  on.  116 
predpitation  of,  1 16 
preparation  o£.  116 
sulphur  content  of  I  lift 
Alkiiine  tide.  363.  577 

demonstration  0(.  577 
Allantoin,  360,  391 

crystalline  form  of,  3p3 
ciperimenti  on,  303 
formula  for,  3p3 

proparation  of.  from  uiic  acid.  J03 
quantitative  determination  of.  .by  Wiechow- 
iki-Handovsky  method,  51S 
<    by  difEerenca,  519 
fleparation  of,  from  urine,  393 
Allen's  modiflcation  of  Pehling's  teat,  dl0 
Alm^n's  reagent,  preparation  of.  439 
Alloxyproteic  acid,  360.  303 
Aloin-turpentine  test  for  "occult  blood."  735 
Aluminium    hydroxide,    use    of.    in    removal  of 

protdn.  376,  339 
Amalgamation  te&t  for  mercury.  450 
Amandin.  03 
Amide  nitrogen,  64 
Amino  acids.  65.  67,  6a,  1S6.  195,  34S,  370.  yto, 

group.  6s,  88.  99 

preparation  of.  in  crystalline  form.  &5,  S7 
o-amina-tf-hydroxy-propionic  add,  69,  73 
a'amino-#'imidan>l-prapionic  add.  68,  77 
a-amino-iso-butyl-acetic  acid,  69,  78 
a-amino-normal'glutaric  add.  69.  Ba 
Amino-butyric  acid.  314 
Amino-nitrogen,  quantitative  determination   of, 

SB,  91,  377.  503 
Amino'succinic  acid.  69,  Bl 
Amino-valerianic  acid,  314 
of-amino-iso-volenanic  acid,  69,  7B 
Ammonia,  64.  67.  71.  107 
in  blood.  347,  370 

quantitative  determination  of.  37B 
in  urmc,  370,  403.  501,  575 

quantitative  determination  of.  499 
Ammomuciil  cupric  hydroxide,  solubility  test.  49 
Ammoniacal  silver  solution,  preparation  of,  594 
Ammuniacal-zinc  chloride  test  for  urobilio.  400 
Ammonium     benzoate.    synthesis    of.    Co    form 

hippuric  acid.  5S5 
Amin4>niuTn      magnesium      phosphate       {"  Triple 
phiisphate"),  363,  40S 
in  urinary  sediments.  458 
Ammnnium  purpurale,  381 
Ammonium  urate.  363,  377.  4*1,  Sll 

crystalline   form   of.   Plate   VI,    opposite 
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AmygdAlLn,  4 

digeitiQii  of  dry  ttuch  by.  iSB.  193 

iDulin  by,  s^i 
eKperimenU  •n.  11.  191 
influence  of  bile  upon  mction  of,  I07 
ino«  fftvofablotemp«i»tii«  for  action 
ott  193 
Sflivary,  4,  10.  95,  140 

activity  of,  tn  stom«chp  5T#  140 
«xpcrtmcnU  on,  10,  s9 
Inhibition  of  activity  of.  St*  &l 
nBtuTe  of  action  of,  s6 
products  of  action  of,  5& 
vegetable,  4,  10 
Amylasfs,  4.  lo.  55.  187 

«xperimenti  on.  10.  sg.  191.  239 
Amytoid^  40,  II3 
Amylolytic  entymes-     See  Aniylaut. 

Quantitative  determiziation  of  activity 
ot.  19a,  330 
AnaboliiniH  564 
Animal  parasiCei  ia  fecei,  227 

in  urinary  sedimenti,  465.  474- 
Anti-eniymea,  9 

experiments  on,  17 
Antimony  pentachloride  as  cellulose  solvent.  50 
Antimony  tHchloTide  a<  cdlulote  lolvent,  49 
Antipepsin.  9.  17 
Antipeptonet  oSk  Lift 
AnCirennin,  g 
Anij  thrombin.  157 
Antitrypsin,  0.  18 
Aporrhegmas,  214 
Arabinose.  ip,  37,  4Jj 

Biars  reaction  (or.  37.  4-|j 
orcinol  teat  on,  3*-  444 
phenylhydfaiinfl  t«&t  on,  3S 
Tollens'  reaction  on<  3S,  443 
Areinase.  4 

Arginine.  4.  67>  6S.  7Pj  1B6 

AmDld'Lipliawslry  reaction  fur  acetoacetic  acid. 
440 
reagent,  preparation  of,  44a 
Aromatic  oiyacids,  360.  304 
Arsenic  in  urine,  detection  of,  44S 

determifl&tion  of,  44S 
Atcaris,  17.  iS 

Ath  of  millc,  quantitative  determination  of,  3J7 
Asparagine,  S3 

formula  for,  Bj 
Aspftflic  acid.  6i,  67,  69.  8a 

crystalline  form  of,  Bi 
formula  for,  Si 
Assimilation  limit,  3t 

Assimilation  limit  of  drjitruae.  31.  413.  s63 
Atkinson  and  Kendall's  hemin  test.  766 
Autolylic  enjymes,  3 
AcoUtmin.  use  of,  aa  indicator.  158 

Babcock  fat  method,  3J4 

tube.  334 
Bacteria  in  feces,  jji.  334,  >15,  jSS 

quantitative  do  terminal  ion  of,  J41 
Bacterial  nitrogrn  m  feces.  126.  5SS 
dqlerminjilinn  of,  341 
Balance,  metabulic  preparation  of,  592 
calcium <  S92 


Baiancv,  magnesium,  592 
nitrogen,  soi 
phosphorus,  592 
■uipfaur,  5p2 
Bans  reduction  flailc.  iSt 
Bang's  method  for  eatimation  of  sugar  in  blood, 

a  So 
Bang's  method  For  eatimation  of  tujar  in  urine,  524 
Bardach's  reaction.  lOl 

fiarfoed's  reagent,  preparation  of,  30,  200.  S9S 
Barfoed's  tett  for  monotaccbandei,  30 
Baryta  mixture,  preparation  of.  375,  595 
Base-forming  foods,  influence  of  on  hydrogen  ion 

concentration  of  urine,  36a,  580 
Basic  lead  acetate  iDlution,  542,  sp6 
Baybeiry  tallow,  saponification  of,  iBi 

source  of,  i*T 
Bayberry  wax.     See  Baybeny  tallow.  iBi 
Bead  test  (Einhorn),  33S 
BccVmann-Heidenhain  apparatus.  36s 
"  Bence- Jones'  protein,"  detection  of,  43B 
Benedict  creatine  preparation,  364 
Benedict  and   Bock's  method    for  quantitative 

determination  of  total  nitrogen.  4SB 
Benedict  and  Levis  method  for  sugar  in  blood.  279 
Benedict'Folin  creatinine  preparation,  3B3 
Benedict' Polin  method  for  creatine  in  urine,  50B 
Benedict' Hitchcock  method  for  uric  acid  in  urine, 

510 
Benedict' Murlin  method  for  amino-acid  nitrogen 

in  urine,  504 
Benedict-Pearce  method  for  sugar  in  blood.  2S0 
Benedict's      method     for     quantitative     deter- 

mioation  ot  sugar.  532 
Benedict's     method     for     quantitative      dete^ 

mination  of  sulphur,  548 
Benedict's     method     for     quantitative     deter- 
mination of  urea,  404 
Benedict's  method  for  uric  acid  in  blood.  275 
Benedict's  modifications  of  PehUng's  test,  17.  417 
*otulion.    for    UBB    in    quantitative    deter- 
mination of  sugar,  preparation  of,  522.  596 
solutions,  preparation  of,  17,  417,  S06 
sulphur  reagent,  preparation  of.  Sfl7 
Benitdine    peroxidaac   reaction    (Wilkinson   and 

Peters),  331 
Benzidine  reaction  for  blood,  171.  233.  263.  431 
Bensoif  acid,  73,  369.  390.  39S,  583.  $&$ 
crystalline  form  of.  306 
experiments  Upon,  396 
formula  for,  305 
si/lubiUty  of,  306 
sublimation  of.  396 
Bergeim's    modification    of    the    Hertar-Poster 

method  for  indole  in  feces.  24a 
Bergeim's  phoaphonudease  theory  for  the  origin 

of  hydrochloric  acid  of  gastric  juice,  141 
Ben  helot -At  waier  bomb  calorimeter,  586 
Bertrand^a  mtthod  for  sugar  determination.  517 
Bial's  reaction  for  pentoses*  37,  443 
Bial's  reagent,  preparation  of,  37.  443 
Bile.  171.  301,  41J.  432 
analysis  of,  203. 
coDiititucnta  uf*  303 
daily  secretion  of,  103 
frecsmg'pomt  of.  203 
influence  on  digestion,  gastric.  t47 


6i6 


INDEX 


Bil«,  isorsinic  coutitueati  oE,  3t>3f  700  ' 

ncctcQprotcm  of,  103,  >07 
reaction  of.  2t>2  307 
*ecr«tioii  of,  ioa 
specific  gt*vity  of,  103. 
BilB  Acidi,  ao4 

Hay 'ft  tut  for,  >op 
Myliui'a  tat  for.  70S 
Neultomm'a  teit  for.  309 
OliTer'a  tflit  for.  309 
Ptttflnkofer'a  test  for.  aoS 
teiCi  for.  soS 

Y.  Udriniky'i  tnt  for.  >oS 
Bile  acidi  in  fecu,  detection  of,  236 
Bile  ftcids  In  urine.  413,  434 

Hay'i  test  for.  434 
Myliui'a  test  for,  434 
Neukomm's  te«t  for.  43  s 
OUver'fl  teit  for.  435 
PettenkofcT'e  te»t  for,  434 
t«8ts  for.  434 

V.  Udr&aiVy's  test  for,  434 
Bile  pigments,  203.  204,  307 

Gmelin't  teat  for^  307 
HemmBrsten'i  reactioQ  for,  307 
Hupp«Tt'8  reiictioQ  for,  307 
NakayHm«^a  Teaction  for.  307 
Rosevbacb's  teit  for,  307 
Smitb's  test  for.  >o8 
testi  for,  307 
BUe  pigments  in  urine,  41a,  437 

Gmelin's  test  for.  433 
Hammuiten't  reaction  for,  433 
Huppert'i  reaction  for.  433 
NftkayamB'i  reaction  (or,  433 
RosenbHcb's  tat  for.  433 
SalkowikJ'Schipiier^i    reBCtion   for. 

433 
Salkowiki'i  test  for,  433 
Smith's  test  for.  433 
testa  for,  431 
Bile  Mits,  J  04.  434 

crystallisation  of.  304.  3t>9 
Biliary  cslculi.  loft.  2og 
analysis  or.  709 
fiilicyanin.  304 
Bilifuicin.  204 
Bitihumin.  104 
Bilipr&sio.  204 
Bilirubin »  204 

cryatslline  form  of.  10$ 
in  urinary  scdiineiita,  458.  464 
Biliverdin,  204.  306 
"Biolofiicsl"  blood  tMt,  JsS 
Bismuth,  influence  on  color  of  feces.  212.  33S 
Bitmuth  reduction  tests.  3g.  4JD 
Bismuth  test  for  choline.  3sfi 
Biiiret.  ©i>,  373.  37 s 

formation  of»  from  ureo.  0^.  373 
Biuret  paper  of  Kantor  and  Gies.  too 
Biuret  potassium  cupnc  hydroxidv.      See  Cupn- 
potassjum  biuret.  90 
test,  o« 

Posncr's  modificatinn  of.  100 
Biuret  reagent  (r*ies>.  preparotion  of.  100 
Black's  mctho*!  Uit  determination  of  ^-hydroxy- 
butyric  acid.  541 
reactiaa  tor  ^-hydroxy butyric  acid.  441 


Black's  reagent,  proparmtion  of,  441 
Blood,  171.  3^5.  233.  345,  ITO.  413.  419 

acetoacetio  acid  in,  37a   384 
acetone  io.  347,  370.  3R4 
agglutination  of,  250.  }63 
amino- acid  nitrogen  in.  370 
amino-acidi  in.  347,  34S 
ammonia  in.  370.  378 
Bordet  test  for,  3SS 
Blood.  choEesterol  in,  347,  270.  2S5 
coagulation  of,  337 

Howell's  theory  of.  357 
composition  of  normal  and  pathological.  3^0 
constituents  of.  247,  34B 
creatine  in.  24A,  37a,  376 
creatinine  in,  34S,  270,  276 
cryitalliiatioa  of  okyhemoqlobin  of.  3jo,  3^ 
dcfibrinated,  357,  26a 
detection  of,  171,  333,  363.  43^ 
determination  of  acetone  in,  3S4.  394 

acvtoacetic  acid  in,  3S4.  3g4 

amino  acid  nitrogen  in,  377 

ammonia  in,  373 

chlorides  in.  2S6 

cholesterol  in.  285 

creatine  in.  376 

creatinine  in.  276 

fat  in,  JOS 

0'hydroiy butyric  add  in.  384.  394 

hydrogen  ion  concentration  in,  3BS 

non -protein  nil TOgen  in^  37 1 

sugar  in.  279 

tota^  nitrogen  in.  379 

total  solids  in.  3BS 

urea  in.  374 

irric  acid  in,  it 4 
erylhnjcytes  of^  2fli>,  261.  47a 
experiments  on,  360,  370 
fat  in,  347.  30 j 
form  Elements  of,  349 
guaiac  test  for.  335.  358,  163,  430 
bemin  tut  for.  364,  439 
fl-hydroxy butyric  acid  in.  270.  3S4 
in  arthritist  370.  271 
in  choteljthiosii,  247.  370,  371 
in  diabetes.  370.  27T 
in  gout,  37a,  37T 
in  lipemia,  270.  371 
in  nephritis.  370^  37t 
in  uremia.  270,  271 
in  urine,  413.  430 
leucocytes  of.  355 
medico-legal  tests  for.  3S7.  2f>i 
menstmaE,  257 
microscopical  enaniioation  of.    349.   260,   261 

?6o 
non- protein  nitrogen  of.  370 

determination  of.  371 
nucleoprotein  nf,  246.  347 
"cccuU/"  in  feces.  32s,  233 
ortho-tolidin  test  for.  171,  333,  163,  430 
oxyhemoglobin  of.  350.  396 
pigment  of,  aSO 
plaques.  256 
plasma,  345,  31^8 
platelets.  2S6 
plates.  356 
preparation  of  hematJn  from,  a66 
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Bldod  preparation  of  "laky"  74s.  261 
rvoctioQ  of,  >45>  360 
■eniiD,  347.  367 
ipeckfic  gravity  of,  34s,  260 
•p«ctrD>copic  ex&TmrutioD  of,  396 
mgar  in,  247,  370,  371 
test  for  iron  in.  a6i 
total  amoQDt  of,  24$ 

T.  Zfiynck  Hnd  Nencki'i  hemin  teat  for,  366 
Blood  analysii.  170 
Blood  casta  in  urine.  465^  469 
Blood  corpvac\tt,  340,  355.  361,  473 

"counting,"  304.  30* 
Blood  duEt.  345,  336 
Blood  in  uriiu.  413.  439 

b«nxidiae  reaction  for,  431 

guoiac  teat  for,  430 

TricbmaTin's  hcmin  teat  for,  439 

Heller's  te»t  for,  429 

HeUer-Teichmann  reaction  for.  430 

ortho-tolidin  test  for*  430 

Schumm's  modificstioii  of  eu»Lac  teat 

for.  430 
vpcctroBcopic  eiamicatLon  of,  431 
test!  for,  4313 
V.  Zeynek  and  Nencld'i  hemin  telt  for. 

Blood  plasma.  34s,  a6% 

constituents  of,  345 

effect  of  calcium  on  oxalatcd,  36S 

experiments  on,  36& 

preparation  of  fibrincfien  from,  36S 
axalated,  268 
salted.  36S 
Blood  Aerum,  347.  367 

coBsulation  tempera ttire  of,  367 

conatituenU  of,  347.  367 

eiperimcnts  on.  3A7 

precipitation  of  proteins  of.  167 

separation  of  albumin  and  globulin  of.  36ft 

sodium  chloride  in,  36S 

sujEar  in,  36S 
Blood  BtikinB,  examination  of.  360 
Bloor'i  nephelometer.  cut  of.  api 
Bou'  reagent,  aa  indicator.  JSS 

preparation  of ,  155 
Bock  and  Benedict's  apparatus,  cut  of.  489 
Bock  and  Benedict's  microchemical  method  for 

total  oitrogen  in  nriae.  4S8 
Boettger^i  teat  for  sugar.  19.  430 
"Bolting"  of  food,  in^ucitc?  of,  on  food  reiiduei 

in  feces,  soo 
Bomb  calorimeteT,  Berthclot-Alwattr,  sM 
Bonanno'a  reaction,  30S.  434 
Bonanno'a  reagent,  preparation  of.  30S,  434 
Bone.  conatJtuents  of.  336-338 
ossein  of.  preparation  of.  336 
quantitative  composition  of,  136,  337 
Bone  ash.  scheme  for  analyaii  of.  33S 
Borchardt's  fraction  for  fructose.  35.  447 
Bordet  test,  detection  of  human  blood  by.  35B 
Boric  acid  and  borates  in  milk,  detection  of.  334 
BotCu'i  reagent,  preparation  of,  33,  415 
BotCu'fl  test.  33.  415 
Broraelin.  5 
Bromine  te«t  for  melanin.  453 

for  tryptophane,  tfip 
Buccal  glands,  54 


Bnffy  coat,  formation  of,  347 
Biugo*!  maaa  action  theory.  140 
B&rker's  hemocytometcr.  30ft 
Butter,  composition  of,  319 
Butyric  add,  8,  STft,  331.  370.  397 
Butyrin,  177.  313 
Bynin,  {i3>  111 

Cadaverin,  81,  3r3 
Calcium  in  urine.  370,  409 

quantitative  determinstion  of,  559 

balance,  preparation  of.  593 

carbonate  in  urinary  sediments,  458.  459 

caseinate,  318 

in  bone,  detection  of.  337-8 

in  fecet.  estimation  of,  593 

oxalate,  391.  45  8 

in  urinary  sedimenta,  458 
paracasein,  143.  315 

phosphate  in  urinary  sediments.  4s A.  460 
in  bone,  detection  of,  337-S 
in  milk,  3T3,  333 
sulphate  in  urinary  sediments.  458,  46a 
Calculi,  biliary.  ao6i  309 
urinary,  475 

calcium  carbonate  in,  476 
oxalate  in,  476 
cholesterol  in,  47B 
cystine  in.  47fi 
fibrin  in^  478 
indigo  in,  478 
phosphates  in,  476 
uric  acid  aod  urates  in,  476 
urostcalitbs  in.  479 
xanthine  in.  47 A 
Calliphora,    larva    of,   formation   of    fat     from 

protein  by,  179 
Cambogia.  influence  of.  on  color  of  feces,  338 
Calomel,  influence  on  color  of  stool.  333.  338 
Camphor  as  urine  preservative.  36E 
Cane  sugar  (see  Sucrose,  p.  41) 
Canton  silk.  69 
Caproic  acid.  313,  319 
Carbamic  acid,  347 
Carbocydic  nucleus.  65,  68-9 
Carbohydroais,  4 
Carbohydrates.  19 

absorption  of,  as  influenced  by  fat  ingestion. 

classification  of.  ig 

composition  of,  19 

control  of  putrefaction  by.  313 

in  feces,  estimation  of.  $91 

protein'sparing.  action  of,  579 

review  of,  51 

scheme  for  detection  of,  S3 

variation  in  solubility  of,  JO 
Carbonatea  in  urine.  370.  410 
Carbon  moiety  of  protein  molecule,  179 
Carbon  monoxide,  hemoftlobin.  354,  255.  '91 
potaaaium  iodide,  teat  for.  398 
tannin  test  for.  39^ 
Carboiylase.  4^  'O.  31,  431 
Carmine,  use  in  feces  separation.  339,  587 
Carmine-fibrin.  preparation  of.  ix 
Camine.  341 
Carnitine,  34 T 

formula  for.  346 
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Comomiucbritie,  341 
CarnouDet  341.  346 
Carotin,  319 
CartiUge,  335 

coutituenti  r>f,  335 

Hopkin»-Cole  resctioD  on,  $35 

MLllon'i  reaction  on.  335 

pTVpiration  of  fleLatin.  from,  335 

■olnbility  of,  33s 

unojiidiscd  sulphur  ia.  335 

XBTilhoproteic  test  on,  33s 
Ca»in,  67.  143.  3T3.  315.  lt% 

decompoftitLan  of,  67 

qnaixtitative  detemuaation  of.  33T-395> 

■oluble,  i38p  336 

mction  of  rennin  upon,  143,  313 

biuret  tat  on.  3ai 

Millon'i  t£9t  on,  31 J 

precipitation  of,  331 

preparation  of.  321 

quantitative  determination  of.  Hart'«  method 
for,  3*7 

•olubility  of,  3IJ 

tat  for  phosphorus  in,  373 

teat  for  unoxidiied  lulphur  in,  3jj 
CoKinate,  calcium.  318 
CateiuoBen.     See  Casein, 
CMti,  465.  467 

btoDd,  4^5.  j6q 

epitbelial,  465.  4^ 

f*lty,  46s.  4*9 

granule.  465,  46S 

hyaline,  ^6s,  468 

pus,  46s-  4T1 

WMy.  46s.  470 
Cast!  in  urinary  sediments.  4<Js.  467 
CataboUim.  564 
Cat  gut.  146 
Catalase,  5.  is 

animal ,  Id 

experiEnvntA  on,  r^ 

quantitative  determination  of,  itt 

vegetable.  16 
Catalyiis,  2 
CeU,  s«s 
Cellulose,  70.  4S 

action  of  Schveitier'a  reagent  on.  40 

hydrolysis  oF^  jg 

iodine  test  on,  49 

■olubility  of.  49 

solvents.  40 

Utiiilation  by  animals.  4S 
Cellulostf  group.  10 
Cerebnn  (cprcbroside,!  jSi-  3SS.  357 

ei[>i'rimentft  on.  357 

hydrolysis  of,  357 

micToflcopical  enami nation  of,  337 

preparation  of,  337 

solubility  of.  357  ' 

Cerebi*  "Spinal  fluid,  choline  in,  354 
Cfrrebfuai'U's,  353,  355 
Chare oC-I^-yilfn  crystals.  J?S 

fi^rm  -hf.  lis 
ChluHdes  in  M'lod.  i'O.  iSft 

in  urine,  j-i}.  405,  ^H'r 

quantitative  deter miniition  ol,  s^ 


CholKyaniD,  206 
Cholepraiin.  J04 

Chol«ra-r^  reaction  for  iodote,  aiS 
Cholsiterolp  203.  210,  247,  270,  J7r,  385,  313. 3SJ. 
355 
cfy«taLlin«  form  of,  a  10 
formula  for,  355 
in  blood,  247,  '70.  >7i.  3^5 

determinatioa  of,  sBj 
lodine-tulphuric  add  teit  for,  tid,  35T 
itolation  of,  from  biliiry  '^''■"^'i  aog 
LittbermuiD-Burchard  test  Cor,  310.  357 
occurrence  of.  in  urinary  fediznonta,  458,  463 
origin  of,  356 

preparatioD  of,  from  oervoui  tintM,  356 
SalkowBld'B  tot  for,  210,  357 
Schiff's  reaction  for,  ato.  3S7 
teiU  for,  7tOi  357 
ChoEetelio,  204 
Choline,  3LJ,  354,  357 

aa  putrefaetion  product,  3  is 
formula  for,  354 
tests  for.  357 
Chondrigen,  113 
Chondroatbumoid,  33s 
Chondromucoid.  ti3t  335 
Chondroitin,  335 

Chondroitin-itilphuric  add,  335,  369.  39a 
Chondrosin,  335 

rcdudns  action  of,  335 
Chromoproteina  (lee  Hemoglobina),  113 
Chyle,  afto 

Cipollina'a  teat,  33,  414 
Clark's    modification    of     Dehn'a    method    for 

determination  of  chlondat,  55B 
Cleavagp    products    of    protein    (see    Decoropo- 

aition  products),  64.  6A-69 
Clupeine,  67*  94 
Coagulates,  4 

Coagulated  proteini,  95,  116 
biuTTt  teat  on,  itH 
digestion  of,  118 
formation  of,  1 16 
Hopldni'Cole  reaction  on,  118 
Millon's  reaction  on,  lift 
solubility  of,  1X8 
xanthoproteic  reaction  on.  iiB 
Coagulation  of  blood.  356 

Howell's  theory  of,  257 
Coagulation  of  proteins,  ti6 

changes  in  composition  durinc,  117 
fractional,  105.  'I7 
Coagulation  temperature  of  protdna,  105,  117 
apparatus  used  in  dttermimn^.  106 
met^d  employed  in  determining,  105 
Co-enayme,  7 
Cochineal,  use  of,  is8 
Collagen,  03.  tij,  331,  332 
experiments  on.  332 
percentage  of,  in  ligament,  334 

in  tendon,  331 
production  of  gelatin  from,  333 
solubility  of.  333 
transfoTmatioQ  of.  332.  333 
Collection  and  preservation  of    fccea    ia  meta- 
bolism piperimenti.  588 
oC  uTxae  in  metabolism  ei^perimenta,  563 
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ColloldAl  eolation.  313 
Collciid^.  3T3'  340 

tiniu,  340 
Coloetmm,  315,  316,  319 

microuopicvl  Appearance  of,  313 
CoEDbioed  hydrochloric  utd  Ipratein  talt).   56 
<40.  ITS 

prepiirHtioii  of,  500 
teiti  for.  ITS 
Combnition  of  foodatuffi.  5B4 
CoTTipoiitian  ot  common  foods  (Table),  369 
Compound  tett  for  lACtoae  in  utitm,  44s 
Congealina-point  of  fat.  1B4 
CoDfio  red.  u  indicator.  TS3i  r54 

preparation  of,  S99 
ConRO-rtd  6brin.  preparation  of,  lA 
Conjugated  protcini,  94,  lii 
daues  of.  94.  112 
nomenclature  of.  p4,  tia 
occurrence  of,  ^j,  ti3 
Conjuffa1«  glycuronates.  36.  417,  442 

naphchoresorcjnol  reaction  for.  J4> 
po^aritt^opic-fennentatioTi  tat  for.  443 
reduction-polarii^opic  teat  for.  443 
Connective  Iikqc.  330 
Conslipation,  aid  in.  s'l  3'3 
Cowie'fl  guaiac  test,  33s 
Cramer's  mercuric  o:tide  lest  for  reducing  Bugar» 

38,  410 
Creatine,  347,  34.^.  270.  276,  341.  341,  350.  369, 
3*4.  4i3 
cr>'sta]line  form  of,  343 
diacetyl  reaction  for.  350 
formula  for,  346 

quantitative  determination  of.  376.  50B 
separation  of.  from  meat  extract.  350 
transformation  iolo  creatinine^  350 
Creatinine,  36.  34B.  270.  369.  361 
coefficient,  definition  of,  394 
crystalline  form  of.  3B3 
daily  encrelion  of.  jflj 
elimination,  a  study  of.  574 
experiments  on.  383 
formula  for,  3^1 
from  creatine,  jio 
Jaffe's  reaction  for.  385 
quantitative  determination  of.  376,  506 
Sftlkowski'i  test  for,  3^5 
separation  of,  from  urine,  3 S3 
Weyl's  test  for.  38S 
Creati nine-line  chloride,  formation  of,  383.  3S5 
Cresol,  para.  3E3 
tests  for.  J I  ^ 
Cross  and  Bcvan's  reagent,  49 
preparation  of.  40 
solubility  teat,  40 
Cryoscopy,  3GS 
Cul-de-aac,  139 
Cupri- potassium  biuret,  formatcun  of,  99 

formula  fur,  09 
Cyanuric  acid,  373 

formula  fur.  373 
Cylindroida  in  urinary  sediments,  465.  471 
a-Cyprimne.  (17  . 

Cystine^  65.  ''"-69.  75,  87.  JsS,  -idJ 
cryatalline  form  nf,  'ft 
delectir>n  of.  461 
(•miBla  for,  76 


CyvtiDO  in  hair,  B? 

ID  urinary  sediments,  45S,  46a 
preparation  of,  in  crystalline  form,  ft? 

Cytosine.  tis.  136.  isS.  133 

Wh«Jer-Johnion  reaction  for,  133 

Dakin'fl  methoda  for  quantitative  determination 

of  hippuric  acid,  53a 
Dore^i  hemoglobinometer,  301 
description  of.  302 

determination  of  hemoglobin  by,  303 
Deaminases.  4 

Decomposition  products  of  proteins.  63.  67.  6S» 
60,  71 
crystalline  forms  of.  71-84 
experiments  on.  B5-S7 
isolation  of,  Sj-B: 
Defensive  eruymes.  3 

Degradation  products  of  protein  {see  Decomposi- 
tion products).  63 P  67-6OP  71 
Dehn-Clark  method  for  chlorides,  5jS 
Delusive  feeding  experiments.  13S 
Derived  proteins,  94,  114 
Detection  of  preservatives  in  milk,  333 
boric  acid  and  borates.  334 
formaldehyde,  333 
hydrogen  peroiirle,  334 
salicylic  acid  and  saiicvlat^i  333 
Determination  of  acetoacetic  acid  in  blood.  3S4>  304 
in  urine,  533 
acetone  in  blood,  3B«,  394 

in  urine.  538 
acetone  and  diacetic  in  blood,  384.  394 

in  urine,  533 
acidity  of  urine,  by  titration.  470 

by  hydrogen  ion  concentration,  470 
albumin  in  urine.  531 
allantoln  in  urine.  51a 
amino  acid  nitrogen.  SB.  9t.  377.  S03 
in  blood,  377 

in  protein  hydrolysis,  64,  B8,  91 
in  urine,  503 
of  ammonia  in  urine.   409 
amylolytic  activity,  193 
ash  of  milk.  337 
calcium  in  urine.  559 
casein  of  milk.  337-339 
catalase,  J  6 
chlorides  in  blood,  296 

in  urine.  55ft 
cholesterol  in  blood,  iSs 
creatine  in  blood,  376 

in  unne.  508 
creatinine  in  blood.  376 

in  urinl^  5ot> 
diacclic  acid  in  blood.  3B4,  394 

in  urine,  sa 
fat  in  blooi].  305 
in  fecrg,  343 
in  ntilk,  J3-; 
feciil  jimylose,  jjo 
fecal  baclpna,  141 
glucose  in  urint,  ^22 
hippuric  acid  in  urine,  510 
hydrogen  ion  cyncontralion  of  blood.  3BB 

of  urine.  480 
iS-hydrnjiybutyrif  acid  in  btood,  3B4,  394 
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Determ[natton.  indican  in  urine,  542 

indole  in  feces.  143 

iron  in  uiinc.  S9i 

lact&lbumin  in  milk.  329 

lactcHC  in  milk,  ^29 

magoaiuni  in  urine,  559 

tiitrogfln  in  urine.  483-4^1 

pmrtition  in  urine.  d&4,  STJ 

oialic  acid  in  urine,  SAS 

^oxybutjrrlc  »cid  in  btood.  3B4,  2^4 
in  urine.  $39.  541 

pfiptic  Iflivity,  165 

phenoli  in  urine,  543 

pbogphorui  in  urine,  553 

patuaiuTd  ia  urine.  s6t 

protein  in  milk,  327,  3JB 

protein  in  urine.  531 

purine  bases  in  uriae,  si3 

purine  nitrogen  Ln  urine,  £(6 

Bodium  in  urine,  561 

sulphur  m  urine,  546 

total  lolids  in  milk,  jn 

total  loUdi  in  urine.  4B3 

tryptic  activity.  160 

urea  in  blood.  274 
in  urinet  491-490 

uric  acid  in  Wood,  274 

in  urine,  510-513 
DeuiftTOprotcose.  95.  1^9 
Dextnn,  20.  43,  47,  56 

achroo',  43.  56 

fl-achrao-.  s6 

tf-achroo-,  56 

erylhro-H  43.  56 
action  of  tannic  acid  on  48 
difEiuibility  of.  4A 
Pehling'a  teat  on.  48 
hydrolyiia  of.  4S 
iodine  test  on.  47 
■olubility  of.  47 
DettroHxone.    cfystalline    fonn    of.    PLat«    III, 

oppOAte  p^  23 
Dextroie  (lee  Glucoic) . 
Diacctic  acid   (lee  Acetoacctic  acid),   270,   284, 

412.  43<.  539 
DiaciinD  acid  nitrogen.  64 

DiaminotrihydroxydodecanoTc  acid,  6s.  67-60*  ^5 
0-*Hii-amiao-cHpToic  acid,  68,  80 
Dialyufl.  24 

Dialyaen.  preparation  of,  24 
Diafitaae  (lee  Vtsetable  amyla&el.  4.  lo 
Diaso-benaene'iul phonic  acid,  454 

reaEent^  prpparatian  of.  454 
DiaEO  reaction  (EhTlich'a).  454 
Diflerentiation  between  pepBin  and  pepsinogen, 

141.  145 
Digestion,  gastric.  13S 
intestinal.  195 
pancreatic.  iSs 
salivary,  54 
Di-iodo-hydrony propane  (lothion).  30,  431 
Di-niEthyl-amino-atobentene     (see    Tfipfer'a    re- 

agcntl.  175 
3.  s-dinitrohydroquinol,  use  of,   1S8 
Dipeptjdca.  66,  ys 
Disacchandi:^.  19.  jS 
cJassi^cacion  of,  19 


Diiaodation   producta  of   irrotcin   (Me    Decani 

poiition  product*,  63), 
DonnA'ft  pua  teat,  432 
Donraua-Hinds  orsometer,  497 
Drying  method  for  detettnination  of  totaJ  aolidi 

in  urine,  4S2 
Dnodenom,  epithelial  cells  of,  l85 

Earthy  photphatea  tn  urine,  406,  408 

qtiantitaliTe  determination  of,  553 
Edestan.  94,  114 

eiperimenta  on,  115 
Edestin,  67.  93,  109 

coagulation  of,  109 

crystalline  forma  of,  109 

decomposition  of.  67 

microscopical  examination  of ,  109 

MiQon'i  teat  on.  log 

preparation  of.  lOp 

•olubility  of,  109 

t«ts  oQ  crystallised,  109 
filtrate  of.  no 
Bhrlich's  diaao-benHCe-sulphonic    acid    reagent, 

preparation  of,  45 J 
Bhflich'a  diaxo  reaction.  454 
Bhrlich's  mechanical  eye-piece,  lue  of.  307 
Eichom'a  bead  teit.  238 
Einhom's  saccharometer.  31 
Elaatin.  03i  33ii  333,  834 

adsorption  of  pepsin  by.  334 

experiments  on.  334 

preparation  of,  334 

solubility  of,  334 
Electrical  conductivity  ol  urine,  3A6 
Electrolytes,  influcnco  oo  fiiuyme  activity,  7.  lU 
Embryos,  glycogen  in,  341 
Emulain.  4 

Enervr  metHbotism.  564.  5^4 
Enteroldnase,  187.  igA 

demonstration  of,  197 
Ensymcs,  i 

activation  of,  6 

adsorption  of.  6 
'   closaification  of,  4 

defenaive.  3 

definition  of,  2 

experiments  on.  lO 

influence  of  electrolytes.  7.  188 

list  of,  4 

preparation  of,  5,  11,  13,  14 

properties  of,  6 

reference  books.  10 
Epiguamne,  370.  40J 
Epinepherine,  determination  of  in  adrenal  glands, 

JOO 
Epiaarkine,  370,  401 
Epithelial  cells  in  urinary  sediments,  46s 

caAta  in  urinary  sediments,  465.  469 
Epithelial  tissue,  330 

experiments  on,  331 
Epfitein'a  augar  method,  2B3 

apparatus  for.  283 
Erepsin,  5.  T95.  108 

experiments  on.  198 
Erythrocytes.  3^9,  36t,  4?3 

counting  the.  304.  308 
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Erythrocytes,  influence  of  o«motic  preutin  on, 
761 

in  urinu-y  fledimcnts,  4&s»  472 

number  of*  per  cubic  milUmeter,  349,  J50 

of  different  ipccies,  149 

■troma  of.  349 

variation  in  number  of,  aso 
Erythro-dextrin,  43,  56 
Evb&ch'i  blbuminomrter,  53? 

method  for  determinittion  of  atbumln,  S3i 

teagent.  preparation  of,  531 
Eater,  definition  of,  n6 

hydrochloric  actd.  of  hematio.  a66  ^ 

■nlphuric  acid,  of  hcmatin,  366 
Btbereo]  Bulpbates,  36g.  3S5 

quantitative  determination  of,  547,  551 
Ethereal  Bulphuric  acid,  319,  36(1,  3S5 
Ethyl  hutyrate  test  for  paocieatic  lipase,  193 

aulphide.  39  a 
EufllobulLn.  146 
Eicdain,  109 

crystaQioe  form  of.  110 
Bitractivei  of  muicular  tiuue*  340 
nitTogenouB.  341 
noQ-mtroeenoua.  341 

Fattiflg,  fecea  in.  237 

meCabaliam  in,  5S4 
Fatiffuo  lubatancea  of  muscle,  345 
Fata,  17A 

abeorption  of ,  178.  iSS 

apparatus    tor    determination    of    melting- 
point  of,  I  S3 

chemical  composition  of,  176,  177 

conseal ins-point  of,  TB4 

cryitalliiatiDn  of,  17S.  jBi 

difleition  of,  17B,  iSft 

cnLulaiflcation  of.  17 A.  iSo 

experimenta  on,  iBo 

formation  of,  from  protein.  ]79^iBo 

fonoation  of  acrolein  from,  iSo 

h >'^drofte nation  of P  17? 

b/drolysis  of,  J77 

influence  of,  on  caTbohydraCe  abaorption.  568 

in  millc,  3T3,  jig.  333 

in  urine,  41?,  444,  465,  469 

meltin{[-point  of,  iflj 

nomenclature  of.  176,  177 

occurrence  of,  176 

permanent  emul&ioni  of.  178.  iHo 

protem-Bparinff,  action  of,  57p 

quantitative  determinstion  of,  in  milk,  3a4 

rancid,  178 

reaction  of,  Z7S 

laponiflcalion  of,  177.  1B1,  18a 

solubility  of,  17B.  180 

transitory  emulsions  Df»  178,  ifto 
Pat-aplitting  enzymes  {see  Lipases.   5,   13.   178. 

18B,  193) 
Patty  acid,  176.  17B.  103,  ?T3,  370,  397 
Patty  costs  in  urinary  sediments.  4&5>  4^9 
Patty  degeneration,  179 

Pecal  amylase,  quantitative  determinatjon  of,  239 
Pccal  bacteria,  aai.  aa4,  ai5.  ^41.  S88 

quantitative  determination  of.  141 
Feces.  331,  587,  $93 

agar-agar,  influence  of,  223-324,  589 

albumin  and  siobuUn  in.  337 


Feces,  bacteria  in.  331.  334-  aS,  341,  58A 

bacterial  nitrogen  in,  demonstration  of,  58ft 

bile  adds  in,  336 

bilirubin  in.  3S3,  336 

blood  in,  aas,  333 

carbohydrate  in,  estimation  of,  59i 

casein  in,  33^ 

cholesterol  in,  374,  13a 

collection  and   preservation   in   metabolism 

eiperiments,  5  88 
color  of,  influence  of  dnigi  and  foods  upon, 

a3S 
daily  eicretion  of,  331.  589 
enzymes  of.  aa6.  339 
experiments  on,  339,  587,  5P3 
"fasticig,"  337 
fat  in,  determination  of,  343 
food  residues  in.  3a7.  590 
form  and  consistency  of,  333 
hydro  bilirubin  in,  133,  sjS-  ^37 
hydrogen  ion  concentration  of,  333 
indole  in,  333.  337 

determination  of,  343 
influence  of  defective  mastication  on,  590 
inorganic  constituents  of,  335,  337,  591 

elements  of,  demonetiation  of,  591 
macroacopic  constituents  of,  334 
metabolic  product,  nitrogen  in,  337    589 
microscopic  constituents  of,  334 
microscopical  examination  4f,  339 
nitrofcn  of.  337 
nucleoprotein  in,  336 
odor  of.  333 
parasites  and  OVB  in.  337 

pigment  of.  333 

proteose  and  peptone  in.  337 
reaction  of.  333 
Scybflla  form  of.  223 
separation  of.  importance  of,  334.  5S7 
separation  of.  experiment  on.  339.  ^7 
Fehling'f  method  for  determination  of  glucose, 
in  blood,  379 
in  urine,  533 

Benedict's  modifications  of,  S" 
solution,  preparation  of,  600 
test,  36,  416 

Allen's  modification  of.  4Tp 
Benedict's  modiflcatioofi  of,  37,  417 
Ferments,  claiMfication  of,  4 
Permsntation,  lactic  acid,  170,  314 

"sugar-iree."  4,  10.  jt.  421 
Fermentation  method  for  determination  of  glu- 
cose. S30 
Fermentation  test,  31.  431 
Ferrifl  chloride  teat  for  thiocynnate  in  saliva,  59 

for  melanin  in  urine,  453 
Fibrin,  )ST,  368,  465,  474 

carmine,  t>reparation  of.  13 
congo-red.  preparation  of,  la 
in  urinary  sediments.  465.  474 
separation  of,  from  blood,  347,  3S7 
solubility  of.  3 68 
Fibrin  ferment.  347.  357 
Fibrin-heteroproteuse,  68 
Fibrinogen,  347.  356,  357,  368 
Fibroin,  Tusaah  silk.  OS 
Fischer  apparatus.  75 
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Pleiachrs  hemomeUr.  500 

dcBcriptioQ  of,  ^gp 

determiflAtioa  of  hemoglobin  by,  »g^ 
P1«EBchI'M  Letcher  hemometn-,  301 
Fluorides  ia  Dride,  370.  411 
F1y-rnaagoti.  experiments  on,  179 
PoAm  teat  tor  bils  ocidin  308.  434 
Polin-Hart   method  for  dBt*rtnm*tJon  of   com- 
bined acetone  and  acetoftCVticAcid.  533 

for   detemunbtion  of  acetoicetic  acid- 

Folin-MeftGinger-Hnppert  method  for  determioA- 

tion  of  »«toiKwtic  meld.  530 
Polin'i   method    for   detflrmirmtion   of    ■cetone 
in  urine.  538 
acidity  of  urine,  by  titnlion,  470 
AmmoiuiL,  d90 
creatiniae,  in  blood.  276 

in  urine,  $<><»>  508 
ethereal  aulphatefl,  547 
Inorganic  aulphatei,  547 
total  lulpbatei.  546 
uTTa,  in  urioe.  405 
of  preparing  cyicine,  87 
teat  for  uric  acid,  3B1 
Folln  and  DeniB'  method  for  determination  of 

uHc  ac^id  in  blood.  374 
Polin  and   Denii^  method  for  dctermiUHtion  of 

uric  acid  in  utine.  modification  of,  510 
Polin  and  Denis'  method  for  phenols  in  urine,  543 
Folin  and.  Dceub'  method  for  urea,  49S 
Polin    and     Denis'    rtppbelometiic    method    for 

albumin  in  urine.  533 
Polin  and  Denis'  nephelometric  method  for  acB- 

(one  bodies  in  urine,  S4i 
Polin  and  Planders'  method  for  hippuric  acid  in 

urine.  519 
Polin  and  Macallum'a  microcbemica]  method  for 

ammonia-  501 
Polin  and  Pettibone'i  microchemical  method  for 

urea  in  arine,  4^ 
Folin.   Benedict  and   Myera"  method  for  deter- 
mination of  creatine.  509 
Folin- Benedict     method    for    delennination    of 

creatine.  508 
Polin-Farmcr   microchemical    method    for   tot  a] 

nitrogen  in  urine.  485 
Polin-Parmer  microcfaemical  method.  Bock  and 

Benedict's  modification  of.  488 
Polin- Parmer    microchemical    method.    GulicV's 

modification  of,  490 
Folin-SbafFer  method  for  determination  of  uric 

acid,  sii 
Foods,  composition  of,  5^9 
purine  content  of.  5Ta 
PrjrciHH  substances  in  urinary  aediment.  465.  J74 
Formaldehyde,  as  milk  preservative,  ^i^ 

reaction  (Konto>.  zl8 
Fo  rm  aldehyde- Hi  SO  i  test  (\fOmer).  86 
Formation  of  methyl-phenylfruclotacone.  33 
Form  elements  of  blood.  345 
Formic  acid,  36^  370.  397 

Pormol  titration  method  of  Benedict- Murlin.  504 

of  Malfattj,  501. 

f'f  SOrcnacTi.  502 

FrattioTial  cijaMO^ation  ff  proteins,  tos.   117 

ineth'.>fJ  nf  K^^tnc  analysis,  14&.  ISV 

Free  ijydrochloric  ai'nl,  5&,  140,  ISS 


Free  hydrochloric  acid,  tests  for,  155 
Praexing-point  of  bile.  903 
blood,  345 
milk,  314 

pancreatic  juice,  186 
urine.  365 
Prcy-Gigon  method  for  amino-ncid    nitrogen  i 

urine.  305 
Pructoae,  Borchardt's  reaction  for,  35 
in  urine,  446 

methyl-pheDylbydranne  test  for,  35 
Seliwanoff^a  reaction  for.  3s 
Puchvn-froc  experiment.  347 
Fuld  and  Leviaon's  method  for  peptic  activit 

1O7 
Fundus  Blands,  139 
Furfural,  formation  of,  ja 

solution,  preparation  of.  600 
Ftuion  miiture.  preparation  of.  129 

Galactan*,  30.  so 
Galactase,  319 
Galactose.  19.  36,  314,  446 

eiperiments  on.  36 
Gallic  acid  teat  for  formaldehyde.  323 
Ganassini's  teat.  381 

Gastric  acidity  and  the  use  of  indicators.  132 
Gaatdc  analysis.  14B1  174 

detection  of  bile  in.  ift 
of  blood  in,  171 
of  food  rens  in.  173 
of  lactic  acid  in.  170 
of  mucus  in,  173 
determination  of  free  acidity  in.  164 
of  peptic  activity  in,  165 
of  total  acidity  in,  i6a 
of  tryptic  activity  in,  169 
examination  of  samjries  in.  161 
fractional  method  of,  T4A.  159 
introduction  of  the  tube  in,  1^9 
RehfusB  tube,  use  of  in.  148,  159 
retention  meal  in,  16] 
test  meals  in,  161 
use  lit  indicaton  in,  ISJ 
Gastric  digestion.  138 

conditions  essential  for,  145 

general  experiments  on,  145 

influence  of  bile  on,  147 

influence  of  difierent  temperatures  0 

IAS 
influence  of  water  on,  13S 
most  favorable  acidity  for.  145 
poncr  of  different  acids  in,   146 
products  of.  141.  144 
Gastric  fistulBn   138 
Gastric  juicc.  139 

acidity  of,  14a.  151 

influence  of  water  on.  138 

of  resurgitation  on.  140,  isi 
analysis  of,  I4S,  L74 
artiEicial.  preparation  of,  144 
cuniposition  of,  125,  151 
enzymes  of.  130 
lactic  acid  in,  test  for,  170 
origm  of  hydrochloric  acid  of«  140 
quantitative  analysis  of,  14S,  174 
Q>iantity  of,  138 
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GutHc  juice,  sfrcretion  of.  13&,  130 

influence  of  water  on,  13S 
specific  gravity  of,  139 
GastTic  lipaiVp  139-  14J 
Gastric  protease,  ll 
Gastric  Tenniiip  I^g,  1431  I47<  3i5»  33( 

action  of,  upon  casein,  [43.  1J7.  31s,  3^1 
eipertmenCs  on.  147.  321 
inAuence  of.  upon  milk.  147,  331 
in  gastnc  jutc«,  ftbsence  ol.  143 
nature  of  action  of.  143,  315 
occurrence  of*  143 
GMtric  rtfiiduuni,  160 

composition  of,  151 
GolAtin,  6?,  64,  33^,  333 
coaauUtioQ  of,  333 
decomposition  of.  67,  6B 
experiments  on,  333 
formation  of,  333 
Hopkins-Cole  reaction  on,  333 
Gelatin,  Millon^i  reaction  on.  333 
precipitation  of.  by  alcohol.  333 
alkaloidal  reagents,  333 
metallic  salu.  333 
by  mineral  acids.  333 
preparation  of,  from  cartilage,  33s 

from  ^IlaRen,  333 
aalting-out  of,  333 
solubility  of,  333 
Gerbardt's  test  for  acetoacetic  add.  439 
Gerhardt'a  teat  for  urobilin.  400 
Giei'  biuret  reagent,  pteparstion  of.  100 
Gliad^n,  93.  ill.  1  j  j 

decomposition  of.  67 
preparslion  of.  Ii3 
tests  on,  II J 
Globin,  67.  93,  iJi,  JSO 

decomposition  of,  67 
Globulins.  93,  lOS 

experiments  on,  109 
preparation  of ,  109 
serum.  93.  346.  413.  433 
in  urine,  4):  3.  4'* 
tests  for,  413 
vegetable,  109 
Glucopmteins  (see  GEycoproleins,  pp.  94.   jij) 
Glucose,  AUen'A  modification  of  Pehling's  test  for. 
419 
Barfoed'8  te*t  on,  30 
Benedict's  modification  of  Pehling's  test,  27, 

417 
Boettger's  teat  on,  3p,  410 
Bottu's  test  on.  23.  415 
CipolIina'B  test  on.  33.  414 
Cramer's  mercuric  oxide  test  on,  28.  419 
di£usibility  of,  24 
expcrimEnts  on,  jj,  413 
Fehling's  test  on.  36.  411'j 
fnmeotation  of^  31.  431 
formula  for.  3i 
glycosuria  produced  by.  56H 
Haines  test  on.  419 
byperglycemia  produced  by,  366 
iodine  test  on,  34 
MoUsch's  reaction  on.  ii 
Moore's  teat  on,  24 
Nylander's  lest  on.  39,  420 
phenylhydrazine  test  on,  2i.  A13 


Glucose.  quaotitaUve  d?t«TininAljon  of.  532 

reduction  tests  on,  3$,  415 
Riegkr's  reaction.  33,  414 

solubility  of,  31 
Trommer's  teit  on.  as,  416 
,    Glucosidues,  4 
a-GlucosidcA,  4 
^Glucosides.  4 

Glucosasonc.  crystallina  form  of.  PlMt«  III.  oppo- 
site p-  11 
Glucothionic  acid,  467 
Glutamic  acid.  ^9,  S3,  186 

formula  for,  S> 
Glutelins.  93.  no 

tells  on.  in 
Gluten.  prepATittion  of.  iii 

tests  on.  Ill 
Glutenin,  93.  ito.  iir 

preparation  of,  111 

tests  on,  1 1 1 
Glycerol.  ^76.  177.  iTft.  iSi 

boTHx  fusion  test  on,  j:S3 

experiments  on.  1S2 

formula  for.  177 

hypochlorite-orcinol  reaction  for.  183 
Glycerol  extract  of  pig's  stomach,  preparatian  of. 

144 
Glycerophosphoric  acid,  353.  3S4.  370.  399 
Gtycocholic  acid,  204 
GlycDchoUc  acid  group,  a 04 
Clycocoll.  6s,  69,  TJt  "4 

crystalline  form  of.  an 

formula  for,  7t,  104 

preparation  of,  71  t 
Glycocoll   ester  hydrochloride,   crystalline  form 

of,  73 
Glycogen,  20,  47,  341,  34B 

experiments  on,  349 

hydrolysis  of,  349 

in  embryos.  341 

influence  of  saliva  on.  349 

iodine  test  on.  349 

preparation  of,  3^8 
Glycogenase.  4 
Glycolytic  enzymcfl.  3,  4 
Glycoproteins.  94.  112-113,  33' 

experiments  on,  331 

hydrolysis  of,  33 J 
Glycosuria,  alimentary,  21.  5AS 

by  glucose  ingestion,  21.  568 
Glycoeuric  acid.  395 
Glycuronates.  conjugate,  36.  4T7.  441 

tests  for,  44? 
GlycuTonic  acid.  36.  38.  44a 
Glycyl-glycine,  formation  of.  70 
GTycyl-lryptophane  test.  i9S-  iS*fl 
Glyoxylic  acid,  98 

formula  for,  98 
reaction  (Hopkini-Cole).  9S 
Gmelm'i  teat  for  bile  pigments,  307.  433 

Rosenbach's  modification  of,  307,  433 
Gout,  blood  in.  348.  270,  371.  379 
Granular  cuts  io  urinary  aediment.  465.  467 
Grenulose.  43 

Green  stools,  cause  of,  223,  338 
Gross'  method  for  quantitative  determination  of 

tryptic  activity,  191 
Guaiac  so\uX\Qn.  v^tV*-**-^'^^^^  ^1,  'a'Ki 
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Giuiu:  tat  on  blood,  335,  ajS,  36^1  430 
on  tflcst*  l^s 

on  Toilkp  330 

on  ptu.  433 

on  urino,  430 
GuuAc  teat,  Schimnn't  modificHtion  oC,  ^63 
Guanaae.  4 

Gntmdine-a-Mnino-^erUiiiG  »dd,  6S,  79 
Giunidine-rMJdue.  64 
Giunine.  4,  133-12T,  133.  341 
Guanioa  chloiide,  crritAlline  foim  o£.  135 
Gutick'i  colorimetric  m«thod  for  tot^L  nitruft«Q  la 

urina,  490 
Golick'i  micTO-oxIdfttion  Auk,  400 
Gnm  Arabic,  30.  so,  51 
Gdini  and  vegetable  mudlage  group  of  carbc^ 

hydntn,  30 
Gunning')  iodoform  tut  for  ftcetooe.  436 
Gflnxberg'i  reagent,  aa  indicator^  155 

preparation,  of,  IS5 

Haine'a  tat  on  lugar.  410 

Hair,  human,  330 

Hammftrachlag'a    method   lor   detenuinAtion.   of 

■pecific  gravity  of  blood,  a6D 
HaniDiantcn'A  reaction.  307.  433 

reagent,  preparation  of,  aoj,  433 
Harding  and  MacLean'i  method  for  detcrmina* 

tion  of  amico-icid  nitrogen.  9 1 
Hart'i  CAiein  method.  328 
HiKr's  coef^cicTit.  364,  483 
Hvvem'a  flolutian,  6^e 
Hay'a  tot  for  bile  acida.  309,  434 
Heint*  method  for  dotenninacioa  of  uric  add,  513 
Helicoprotein,  94 

HeUer'i  Geat  for  blood  in  urine,  439 
Heller'B  ring  test  for  protein,  103 
Heller- Teichmann  reaction  for  blood  in  orine,  430 
HemagglutLnatJon.  150.  363 
Hnnagglutinin,  350.  363 
Hematein  test  for  blood  in  fecea,  334 
Hematin,  113,  350,  354,  366 

acid-,  354,  399 

alkali',  354.  apB 

preparation  of,  3O6 

reduced  alkali-,  299 
Hematoidln,  305,  333,  334 

crystallino  form  of.  305.  lai 

in  urin&ry  aedimenta.  45H.  464 
Hematoporphyrin.  30S.  354^  359.  4i3,  444 

in  urine,  3S»>  413,  444 
Hematuria,  439 
Hemicdluloae,  30,  90 

FxperimentE  on.  jr 

utillEation  of,  by  animali,  50 
Heiuin  cryetals,  form  of,  365 

tests,  364,  366,  439 
Hcmiurate,  461 

HemochrornDseil,  TI3,  350.  354,  369.  399 
Hemocyanin.  94.  113 
Hemocytometer.  Barker's,  308 

Thoma-Zeiss,  304 
Hemoconem  (see  Blood  dust.  345,  356) 
Hemoglobin.  94,  iij.  349,  350,  134.355   36>  366. 
396 

carbon  monoxide,  354,  397 

decomposition  of,  350 

derivatives  of.  reLationahip  of,  354 


Hemoglobin,  diSuaJon  of,  363 

met,  354,  39& 

<tty,  390,  354,  366,  396 

Qtumtitativo  detemunation  of,  390-304 

reduced,  354,  3p6 
Hemoglobinj,  94,  113 
Hemofltobinuria,  439 
Hemolyiii.  345,  361 
Hendenon  and  Palmer'a  method  for  detemuna- 

tion  of  hydrogen  ion  coneentnLtion,  4S0 
Herter'i    naphthaquinonA    reaction   for    indtdfl* 

3TB 

Hntcr*!  parH-dimetbylaminobenaaldehyde  retc- 

Cion,  319 
HotcrocrcUo  nucleus,  65,  68,  69 
HeteropToCeoie.  96  119 
Heteroxanthine.  370.  401 
Heione  ba*a.  Bo 
KeKoaana,  ao 
Heuiea.  19.  30 
Hippoiio  acid,  7a,  369.  jSB,  390,  396.  s^S 

cyatalline  form  of,  3S9 

Dakin'a  method  for  quantitatjva  delenu- 
nation  of,  5ao 

eiperimenta  on.  389.  585 

formula  for,  38B 

in  nriniLTy  aedicnenCa.  463 

Lftclce'i  reaction  for.  390 

melting-point  of,  3S9 

Raaf^i  method  for  cryitaUisatioD  of,  390 

BeparatLOD  of,  from  urine,  3B9 

tolubility  of  390 

aublimation  of.  390 

ayntbeei*  of.  390.  sSs 

demonstration  of.  5S5 
Hiitidine,  65,  77 

hydrochloride,  cry*t*lline  form  of.  78 

Knoop^a  color  reaction  for.  7B 
Hiitonea,  03 

Hoffroann'i  rtlctioo  for  tyroiine,  B6 
Homogentiaic  acid,  36,  369.  394.  4IT 

formula  for,  394 
Hopkin'a  Ihiophene  reaction  for  lactic  rncid,  171 
Hopldns-Cole  reaction ,  9S 

on  aolutiona,  9S 
on  lolidi,  10- 
Hopldns-Cole  reageni,  prrparation  of,  98 
Hopldns-Cole   reagent    (Benedict    modification), 

preparation  of,  9S 
Hordein,  93,  ill 

HorumaAcope  (aee  Albumoacope,  103,  423) 
Hormonei  definition  and  diKUHion  of.  185,  31B 

in  blood,  1&5 
Hefner's  urea  apparatoa,  49B 
Human  fat.  composition  of,  178 

haiT,  compoaition  of,  330 

milk,  differentiation  from  cov'$,  316.  310 
Hunter  »nd  Giveoa'  modi^acion  of  Eroger  and 

Schmidt'i  method,  51$ 
Huppcrt'i  reaction  for  bile  pigmenta.  ao?,  433 
Hfirthle'a  eiperiment,  349 
HurtLey's  test  for  acetoacetic  acid,  440 
Hyaline  casU  in  urinary  Bedimenta.  465,  46S 
Hydrobilirubin.  detection  of,  in  fecea,  333,  235 

extraction  of.  335 
Hydrochloric  add  of  tbe  gastric  Juice,  140^  151 
origin  of,  theoriei  aa  to,  140 
Beat  sf  formation  oL  139 
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Hydrochloric  acid  tat  for  fonrmldehyde  (Luch), 
393 
acid-tiac  chloride  loLubUity  teat.  49 
Hydrosen     ion     conccntntioD     iLnd    titntable 
addity,  155,  47!}-4Bi> 
mode  of  BxprBiUng»  15a 
of  blood,  dEtermiiutiDn  of,  2iS 
of  uTtne.  deterouTUtioa  of.  480 
M  iDfliuoccd  by  diet,  5S0 
by  acida,  sBa.  5^3 
by  alkalit  5H1,  5 A3 
compariioD    of,     with      titratablo 

acidity,  TSS.  ISS 
determioation    of,    by    nlBBDl    of 
indicalon.  isS,  480 

of  McCleodon's  alactrode, 

J  45" 

HrdjoKftD  peroxide  in  orioe.  j6{».  4T  T 

detflction  of,  in  milk,  3J4 
Hydrogeoated  Eat.  177 
Hydrosenatton,  definitioa  of.  I?? 
Kydrolysia  of  celltOotc,  4^,  49 
cerebrio.  357 
dfixtrJD,  47,  48 
glycogen.  345 
iQulm.  46 
proteioB.  64 
■tarcb,  43,  4S 
lucroH,  ji,  43 
iUHydroxybutyric  acid,  J70.  37'.  3i^.  30$,  411. 
44a,  541 
Black's   method   for  determioAtLon   of, 

54 1 
Blac^'i  TAKction  for.  441 
formula  for.  440 
in  bbod.  370,  784,  20s 
origin  of,  441 

polariKopic  namidation  for.  44a 
quaatitativc  detencii nation  of.  in  blood. 
J  84.  39$ 
ia  urine,  S39-  S4T 
Sbaffer    and     Marriott'a    method    tor 
detennination  of»  Si9 
Hyperacidity,  140,  164 

curve,  164 
Hyperchole*leTo!«mia,  a4Tr  »TO,  »7i 
Hyperglycemia.  a70>  5^6 

produced  by  carbohydrate  ingntion.  566 
Hypoacidity,  i^o 
Hypobromite  mpthoda  for  detetminatioa  of  urea 

in  urine.  49O 
Hypobromite  aolution.  preparation  of,  601 
Hypocblorite-orcinol  reaction  for  glycerol,  183 
Hypoxanthine,  1J7.  341,  346.  350.  370.  401 
chloride,  crystalline  form  of.  130 
formula  for,  ra?.  346 
oiidiue.  :27 
Hypoxanthine  ailver  nitrat*,  cry<talline  form  of, 
35  T 

TchthuIiQ.  CM 
Igootine,  341.  346 

formula  for^  346 
Imide  bornla.  70 
IminaiolclhvlamLne.  214 
ImLnaialirru]<i(inic  add,  314 
Jndicfln,  212.  3S6.  54J 

farmula  far,  an.  387 
40 


Indtcan,  Jaffe'i  teat  for,  387 

Jolle*"  reaction  far,  3S8 

Obvrmayer'a  teat  for,  388 

origin  of.  a  t  a,  3U 
Indicator  method  for  d«t«nuiaatioa  of  bydrofu 
ion  conceatrmtion,  15S.  480 

■otntiona.  preparation  of.  158 
uae  of.  [58 
Indfcaton,  experimenta  on.  rsa 

table  of,  153,  158 

tabulation  of  rcaqlta  of  teati  00,  154 

OH  of ,  153 

in  gaatric   analyiis,  15J 
Indigo-blue.  J13,  388 

formula  for,  >13.  388 
Indigo  ict  urinary  sedimenU,  458.  464 
Indolacetic  acid,  114,  452 
Indole.  Ill,  3i8.  333,  337 

formula  for.  217 

origin  of|  913 

in  feces.  Quantitative  determination  of,  by 
Beiveim'i  mctbod,  34a 

test  for.  3i8.  337 
tf-jndolc'cf-amino'propionic  add,  68,  77 
IndalpTOpioaic  acid,  314 
Indoiyl.  iti 

formola  for.  313,  388 

origin  of,  a  13 

potaaaium   aulphate    (see    Indicao.    p-    3ia, 
387.  54* 
Indoxyi-iulphufit  acid.  Jia,  3*0,  3S5 

formula  for,  aza^  3^6 
Influence  of  purine-free  and  high  purine  dieta,  571 
Infr»protfliDa  (see  MotapTot«ina,  ^4,  115,  11&) 
Inorganic  elementa  in  fecea.  abaorption  of.  sgi 

pbyaiological  constituents  of  urine,  370,  403 
Inoainic  acid.  341,  346 

formula  for,  34^ 
Inositol,  19,  4J3.  450 

formula  for.  450 

in  urine,  413.  450 
Intestinal  digeation,  195 

juice,  T95 

enzymei  of.  to5,  19A,  ig8-aol 
preparation  of,  iQ^aoi 
tnulaae,  4,  46 
Inulin.  ao,  46 

action  of  amylolytic  enaymea  on,  46 

Fchling'a  test  on,  41^ 

hydrolyais  of,  46 

iodine  test  on.  46 

reducing  power  of,  46 

solubility  of.  46 

sources  of,  4A 
Inveraion,  41,  43 

Invertaae  (nee  Sucrase.  4,  41,  i98t  19P) 
Invertaaes,  experiments  on,  l^ 
Invertin  (see  Sucrase.  4,  41,  195,  199} 
Inverting  eniymea,  3 
Invert  sugar,  4? 
Iodide  of  dextrin,  45 

of  starch,  47 
Iodine  absorption  teat,  183 

test  for  starch  and  dextrin,   45.   46.   47>   4P> 
SI.  s6 
for  urobilin,  400 
lodine^ulphuric  acid  teat  for  chole«t«rol.  iio,  357 
lodine-ainc-chlorida  reaction,  4g 
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Todoforra  U»t  for  alcohol.  4a 

for  Acetone  <L«b*n).  437 
Todothytnol  compound,  43? 
"lothion,"  30.  431 

Iron,  reduced,  influence  on  color  of  fecea.  33$ 
in  blood.  a6t 

delection  of,  261 
in  bone  uh.  33S 

detection  of.  338 
in  protein.  63 
m  urine.  410,  562,  591 
detection  of,  4 10 
determination  of,  s^l 
Iioleucine,  6j.  Bo 
IftomAlCoBe.  19.  40 
IfoprojylmetMTeaol  (>ee  Thymol) 
liovtlerianic  acid.  314 

Jtooby-Solmi  method.  t6t 

Jaffe'a  reaction  for  creatinine.  3S1 

Jaffe'B  trtt  for  indican.  387 

V,  Jakach-Pollak  reaction  for  melanin.  452 

Jejunum,  epithelial  celin  of.  iBs 

JoUei'  reaction  for  indican.  3SS 

Juice,  gastric.  T38.  tso 

pancreatic.  1B5 

intealiflal,  tgi 

Kantor  and  Giea'i  biuret  paper,  loo 
Kaitle's  peroxidnae  reaction,  320 
KcphaUnn  3S3.  3SS 
Kephyr,  40 
Keratin.  93.  112,  330 
experimenCfl  on.  33  t 
solubility  of.  330 
aourcM  of.  330 
■ulphur  content  of,  330 
Ketone,  ij 
Ketoic.  19 

Kidney  efliciency  test.  455 
Kjeldahl  method  for  determination  of  nitro^n. 

4*3 
Kjeldahl- Polin- Parmer  nitrogen  method.  485 
Knoop'fl  color  reaction  for  hialidinc.  78 
Kontn'a  reaction  for  indole.  218 
Koumyas.  40 

Kraut's  reagent,  preparation  of.  602 
Kreosotal.  443 

Kroner  and  Schmidt'a  method  for  the  quantita- 
tive   determination    of    pu- 
rine baiei,  5r3 
of  uric  acid.  513 
Kwilecki's  modification  of  Esba^h'?  method.  53J 
Kynurcnic  acid,  jiSo^  JflS 
formula  for.  30s 
isolation  of.  from  urine.  39s 
quanlilativc  determination  of,  39s 

Lactase,  s 

Lact albumin,  'J^.  3"J,  3i8 

quantiliitive  determination  oi.  32^ 
Lactase,  j.  156,  ?oo 

enprnmtnts  i>n,  aoo 
Lactic  acid,  40,  170.  3^2 

cTher-ferncchliiridc  test  (Strauss)  for.  170 

fermi-ntatinn.  jo.  3(4 

ferric  chloride  tcAt  (KellinB)  for,  170 

Hoplfins'  thiophcne  reaction  for.  171 


Lactic  add  in  inu^cuUr  tinue,  342 
in  itomach  content*,  17a 
teats  for,  1 70 
Uffelmann'i  test  for,  17* 

L*CtoC:hTome.  319.  3pp 

Locto-globulin,  313.  31S 

Lactometer,  deternucation  of  specific  gravity  of 
milk  by,  324 

L-KCtoaotone,  cryitalline  fonn  of,  Plate  til.  oppo- 
site p.  12 

Lactoacope.  Feaer'a.  336 

l4Cto«e,  to.  40p  3ZS 
experiments  on,  40 
fermentation  of.  40.  jlS 
in  urine,  412.  444 
quantitative  determination  of.  329 

LoiDK  in  urine.  45 1 

"Laked"  blood.  345,  a^i 

Laicy  blood.  a6[ 

L&oolin.  itB.  lii 

Laurie  «cid,  313 

Leach'i  hydrochloric  acid  test  for  formaldehyde. 

Lecithin.  94-  »47.  3S3 

acrolein  test  on.  356 

dccogipotition  of,  354 

experiments  on,  356 

formula  for.  iS£ 

micTOftCopical  examination  of,  356 

Dsmic  acid  test  on^  356 

preparation  of ,  356 

t«at  tor  phoaphorui  in,  356 
Lecithoproteios.  94.  tl4 
Lesal's    reaction    for    indole.  3i& 

test  for  acetone,  437 
Le  Nobel  reaction  for  diacetic  acid.  439 
Lenlmann-Kober  nepbclometer,  cut  of.  2pj 
Leucine.  67.  ^.  TOt  H5,  87 

crystalline  form  of  impure,  463 
puTT,  {to 

experiments  on,  87 

formula  for.  70 

in  urinary  sediments,  463 

microscopical  examination  of,  87 

separation  of.  from  tyrosine,  86 

sqlubibty  of,  87 

sublimation  of.  S7 
Leucocytes.  345.  X95 

counting  the.  306 

number  of.  per  cubic  millimeter,  255 

aiie  of,  35s 

variation  m  number  af.  i$S 
Leucocytosis.  255 
Leucosin.  J03 

Leucyl-alanyl-glycine.  formation  of.  70 
Leucyl-fllycyl -alanine.  57 
Leucy  J -leucine,  formation  of.  70 
Levo-a-prolme.  83 

Lcvulosacone,  crystalline  form  of,  Plate  111,  op- 
posite p.  a  J 
Levulose.  (sec  Fructose),  ip.  34 
Lichenin,  lO.  47 
Lieben'a  teat  for  acetone,  437 

Lie  berkuhn's  jelly  (see  Alkali  m  eta  protein,  p.  116) 
Liebermann-flurchard  test  for  cholesterol,  no,  357 
LiebeTmann'a  reaction.  100 
Linoleic  acid.  177 
LipaGCi  gastric,  139,  143 
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Lipue*  poocRfttiG*  5,  1$.  17S,  iW,  I9j 
«ip«miienu  on.  13.  193 
ethyl-butyrate  teat  for.  IQJ 
litmut-milk  test  Eor,  Tg3 
L]p»KI,  S.  13'  170.  vBSt  igj 

Autolytic.  5 

eiprrimcntA  oQp  13,  103 

psncTcatic.  13 

vegetable.  13 
LipfmiB.  blood  in,  370,  ATI 
LipcKfl.  fi 
Lipins.  353 

Lipoids  of  nervous  tiMuc.  jsj.  356 
Lipolytic  etizymtis  (lee  LipaKi,  p.  s.  13.  jtB.  iB^i 

193) 
"LitmuA-mUk"  t«at  for  pancreatic  Upaie,  193 
Long's  coefficient,  364.  4^3 
Lfickc'B  n action  lor  hippuric  acid.  390 
Luftnrs  Aolulioo  prvpHTatioa  of.  602 
Lymph.  245.  3%o 
Lysine.  68.  So,  (4?>  tBA 
LysijiB  picfate.  cryatalline  form  of.  fli 

McClendon'A  electrode,  determination  of  H  ion 

cone.  by.  149 
Magnesia  niiiture,  prepaTation  of.  60^ 
MaBnesium  balance,  preparation  of.593 

in  bone,  detection  of.  3J7.  33B 
in  urine.  370,  409 

quantitative  determinatioa  of, 

phoaphaie  id  urinary  tedimenti.  45S, 
464 
Malfatli'a  formol  titration  method  for  ammonia  m 

urine,  502 
Maltnse.  4.  57,  ipft,  aoi 
experiments  on,  201 
Ma1to»JK>nc,  crystalline  form  of.  Plate  III.  op- 
posite p.  32 
MaltoH.  10.  30 

FiprrimenU  on,  19 
Etmcture  of.  39 
Marsh  apparatus,  440 
cut  of.  449 
mrtbod  for  arscnicn  448 
MarshalTa  hypobromite  urra  apparatus.  498 
Marahall's  clinical  urease  method  for  estimation 

of  urea  in  urine.  493 
MaflticstioTi,    defective,    influence    of.    on    food 

residues  in  feces.  227.  590 
Mauvein.  use  of,  as  indicator.  isS 
McCrudden's  method  for  determmation  of  cal- 
cium. 559 
of  TnagnesiTtm.  550 
McLean  and  Van  Slyke's  mclhud  for  determina- 
tion of  chlorides  m  blood,  3&6 
Melanin  in  urine,  41  j,  431 
tests  for,  452 

Urinary  scdiini^nla,  4SS,  465 
Melting-poknt  iitiparatu?.  1B3 

of  fat&.  determmation  I'i.  183 
Mercuric  oxide  test  for  reducing  sugar,  iS,  4EU 
Mercury  in  urine.  450 

detection  of.  450 
Metabolism.  5114 

eupcDiiivnt^,  a'^a 

bnlAnce  nf  income  and  gutgo  in,  prepa- 
ration of.  592 


M etaboUam  eiparimentj.  coUedion  and  preserve 
tion  of  feces  in,  56B 
uiiae  in,  565 
sepAraCion  of  fecet  in,  5B7 
in  acjdtwi.  576 
in  fatting,  5  84 
in  flout.  57ip  574 
inQuence  of  acidi  on,  58J 
of  alkalies  on,  58  i 
of  defcctivA  mastication  on*  590 
of  digestion  on,  S77 
of   fats  and  carbohydrate!  m   pr^t«m 

■pnrert  in.  570 
of  high  calorie,  non-nitrogcnoua  diet  on, 

S«4 
indigestible,    non-nitrogenoui    material 

on,  589 
of  water  on.  574 
of  acid-forming  and  baie-forming  foods,  sSo 
of  ammonium  bensoate.  585 
of  carbohydrates.  566-S&B.  soi,  593 
of  energy,  570,  5S4 
of  fat.  591 

of  inorganic  elements.  SOIp  503 
of  nitroflen   and  sulphur  ai  influenced  br 

diet.  577 
of  proteins,  569*  50o 

time  relations  of,  569 
of  purines.  S7f-S74 
on  "salt-free"  diet,  576 
on  salt-rich  diet,  576 
relation  of  bacterial  nitrogen  of  feces  to.  588 

of  metabolic  nitrogen  of  feces  to,  5^ 
study  of  creatinine  elimination  in,  574 
Menstrual  bTood.  as? 
Messinger- Huppcrt  method  for  determination  of 

combined  acetone  and  diacetic  acid.  535 
Metaprotcins.  P4<  US 
acid.  94.  ii3t  116 
alkali.  94,  119,  116 
experiments  on.  it6 
precipitation  of.  ie6 
sulphur  content  of ,  1 1 6 
Methemcglobin.  354.  jpS 
Methylene  blue.  146 

reaction  (Ruaio).  455 
Methyl-mep^aptan,  au 
Methyl  orange,  use  of,  at  md]cator»  15^ 
red.  use  of.  as  indicator,  158 
violet,  use  of.  as  indicator,  158 
%fethyl-pentose  (see  Rhamnose.  p.  TOJ 
Methylphenylhydraxine,  35 
Methylphenylfructoaaione.  formation  of,  35 
1-methylxanthin.  370,  40 1 
Mett's    method    for    determination    of    pepttc 

activity,  165 
Mett's  tubes,  preparation  of.  166 
Micro-orgamsms  in  unnary  sedimeaU,  4^5, 4T4 
in  feces.  221,  225 
in  intestine.  Hi,  33S 
Milk.  3U 

ash  of  human  and  cow's.  3lA»  317 
ChiBcin  of,  313.  31s.  jia 
citrates  in.  313 

composition  of  human  and  cow's,  316,  317 
detection  of  calcium  phosphate  in,  3^' 
lactose  in.  322 
preservative*  in.  333 
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UQk,  dilFcrence  b«twe«a  hunun  «iid  cow'i.  316, 

experimffnts  on*  319 

formmtion  of  film  on.  314,  319 

fncEine-paint  of.  314 

ffumUc  test  on.  33a 

human  and  covn,  differentution,  316,  310 

in^oence  of  rennin  on^  147,  321 

iiolfltion  of  fat  from,  i33.  334 

KMtls'e  poTOKidue  reution  oti,  330 

UctoM  in,  313,  31B,  332 
cryitaUinc  form  of,  318 
fermcntBtioo  of,  314 

microBcopical  appearance  of,  315.  319 

pnparattoq  of  caeeio  from.  3>l 

prop«rtiea  of  caaeia  of,  31S,  32a 

quantitative  analyais  of,  324 

reaction  of,  3x4,  3J9 

■ep^ratioa  of  coaeulable  proteiDi  of,  333 

■enim»  313 

apedfic  irravity  of,  314.  3rg 

unknovn  constltuenti  of,  313 
MiUon'i  reaction.  97 

reaffeut,  prflparatiou  of.  OT 
Mohr'«  method  for  det*Tmioation  of  chlondei.  55* 
Moluch'i  reaction.  21 
Molfbdate  aolution,  preparation  of.  603 
Moiumino  acid  nitroEen,  64 
MonoiHccharidei.  ig.  30 

Barfoed'B  test  for.  30 

claaaification  of,  19 
Mdmer-SjOgvist-Fotia  method  for  determination 

of  urea.  495 
Mftmer's  reagent.  pTeparation  of.  B6 

teat  for  tyrosine,  86 
Motor  and  functional  activities  of  the  atoniach, 

146 

Mucic  acid,  36.  40.  445.  446 

teat,  36.  40,  445,  446 
Mudu,  55.  59.  S14.  113 
biuret  teat  on,  S9 
hydfolyaia  of,  S9 
iaolation  of.  from  taliva.  59 
Millon'a  reaction  on,  so 
Mucins.  55,  sS.  94,  E13 
Mucoid.  04,  IJ3,  3jl.  332 
ejuperrmenta  on,  333 
hydrolyaii  of,  33» 
in  urine,  3137.  42H 
preparation  of,  from  tendon,  33» 
Mucoida.  94.  113.  331,  332 
MureKide  test,  3  So 
MuBcle  plasma,  339,  347 

formation  of  myosin  clot  in,  339.  347 
fractional  coagulation  of.  339.  347 
preparation  of.  347 
reaction  of,  342.  347 
Muscular  tissue.  330 

ash  of.  smooth  and  striated,  345 
commercial  c:itracts  of .  345 
experiments  on  "dead,"  34S 

"li\-ing."  347 
extractives  of ,  341.  343 
fatigue  fiubstances  of,  345 
formulas  of  niiroeenoua  extractives  of, 

346 
fllycogcn  in,  341,34* 
involuntary,  339 


Utiieular  tittue,  lictic  add  in,  340,  34a,  34S 

magnesium  in,  demonstration,  349 
nonatriated,  339 

phosphate  in.  demoutraCion  of,  349 
pigment  of,  345 

preparation  of  fliycogen  from,  34S 
muicle  plaima  from,  347 
MuKutar  tlaaue,  prDteini  of.  339,  348 
reaction  of  Uvin^E.  343.  34* 
riflor  mortia  of.  339.  340 
■aparatioD  tA  extractives  from.  350 
atriated,  330 
voluntary,  339 
Mrobamatin.  345 
Mroaan.  94.  348 

formation  of.  34B 
Myodn,  330>  34* 

biuret  teat  on.  34* 
coagulation  of,  34B 
preparation  of,  34S 
solubility  of,  34B 
Myodnogen.  339.  347 
Myriitic  add,  313 
Myriatin,  177 
MyrtlB  wax  (aee  Bayberry  tallow,  til) 

Nakayama's  reaction  for  tnle  pigutenta,  207^  433 

reagent,  preparation  of,  207,  433 
o-Xaphtbol  reaction.  31 
NaphthoreaoTcinLjl     reaction     for     ilycumnatea 

(ToUcns),  44? 
N«Qcki  and  Sieber'«  reaction  for  nrorosdn,  453 
Neoune.  341 

formula  for.  346 
Nephelometer,  SIootIh  cut  of.  >pi 
deachption  of,  390 
t#enimann-KDber.  cut  of,  >P3 
Nephelometdc  methods,  190.  336,  337,  S33.  54i 
Nephelometric,  determination  of.  acetone  bodies 
in  blood.  294 
acetone  and  diacetic  add  in  arine.  541 
fat  in  blood,  293 
in  millc,  33^^ 
fl-hydroxybutytie  acid  In  urine,  541 
protdni  in  milk.  327 
in  Brine.  533 
Nephritia.  blood  in,  34*,  3T0.  37t 
Nephrorosein  in  urine.  453 
Nervous  tisiue.  353 

constituents  of,  353 
experiments  on  lipoids  of,  356 
lipoids  of.  353,  35O 
percentage  of  vater  in.  353 
phoaphoriied  fats  of,  353 
proteins  o£,  353 
Nessler- Winkler  solution,  &03 
Neurine,  313 

Neumann's  method  for  total  phosphorus,  5S4 
Neurokeratin,  353 
Neutral  fats.  777,  17B,  iBo 
Neutral  oUve  oil,  preparation  of,  iSo 
Nentral  red,  use  of.  ts* 
Neutral  sulphur  compounds,  369,  193 
Nippe's  hemin  test.  364 
Nitrates  in  urine,  370.  411 
Nitric  add  test  (Heller),  103 
for  phenol,  220 
Nitric  add-MgSOi  tat  (Roberts),  104 
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Nitrilue.  S 

Nitfitei  in  iftliva.  test  for,  $9 

Nitroffen,  63,  64 

ionnt  of  in  protein  molecule,  64 

importuice  of,  ia  sustaining  life,  64 

in  urine.  qutntitAtive  determ [nation  of,  4B3 

Nitrogen  distribution,  calculation  of,  4S4 

Nitrogen  iodide^  formation  of.  436 

Nitrogen  "lag."  560 

"pftrtition."  4B5.  577 

Nitrogenous  extractive*  of  muscotar  tiHue,  341. 

formulae  foT»  346 
p-Nitrophenol.  use  of.  as  indicator.  15B 
NitroprusBide  reaction  for  indole  (Legal),  31S 
NitropruHide  test  for  creatinine  (Weyl),  385 
Nitropni»ide-»cetic     Hcid    test    for    creatinine 

(Salkowiki).  385 
KitTooD-indole  nitrate  t**t.  319 
NitroAOthymol.  fanuation  of  in  Heller's  test,  433 
N'on-nitrogeooiu  extractive!  of  muscular  tissue. 

341 
Non-protein  nitrogen  of  blood,  Z4S,  370,  371 
Normal  urine.  350.  369.  37i 

characteristtCB  d£,  3S9 
constituents  of.  369,  371 
experiments  on.  375-410 
Kovaine,  34  [ 

formula  for.  346 
Nubecula,  396.  43B 
Nucleases.  5 

experiments  on,  134 
Nucleic  acid,  I34-IS0,  131-137 
decomposition  of,  I34"i36 
experiments  on.  131-137 
from  yeast,  formula  for,  195 
Nncleicacidase,  s.  136 
KucleJns.  123.  134.  144,  571 
Nocleoproteing,  94,  ill,  133,  138-131,  39C,  43B 
decomposition  of ,  133-134 
experiments  on,  12A-131 
from  yeast,  13A 

preparation  of.  isB 

protein,   carbobydrate   and   pbosphoric 

radicals  in.  130 
testa  on,  13Q 

thymus,  preparation  of.  130 
esperiments  on,  130 
in  bile,  303,  207 
in  feces,  336 
in  nervous  tissue,  353 
in  urine,  j&p.  396,  411.  43S 

test  for,  438 
occurrence  of.  133 
Ott'l  precipitation  teat  for,  43S 
Nucleosidase.  5,  13& 
N'ucleoaidc.  135 
Nuclectidase,  j,  136 
Nucleotide.  135 
NyEander  reaction,  29,  430 
N'ylander  reagent,  preparation  of,  30,  430 

Obermaycr'a  test  for  indican.  38S 
reagent,  preparation  of,  3S8 
Oblitinc,  341 

"Occult"  blood  in  feces.  33S,  333 
testa  for.  233 


Olein.  T77.  313 
Olive  oil.  tBo 

emulsification  of,  180 
neutral,  preparation  of ,  180 
Oliver's  peptone  test  for  bile  acids,  3oo,  43S 
Optical  metborla,  31-34 
Orcinol-HQ  reaction  (BialJ.  37.  443 
Orcinol  test,  38.  444 

Organic  physiological  constituents  of  urine.  360 
Organized  fcrmentB,  i 
Organised  urinary  sediments.  4S7p  465 
Omitfaine.  65.  314 

Ortho-tolidin  test  for  blood,  T7I.  333.  '63,  430 
Osbome-Polin  method  for  determination  of  total 

Bulpbur  in  urine.  540 
Ossein.  336 

preparation  for.  336 
Osfieoalbumoid,  336 
Osseomucoid.  94.  1 13,  336 

chemical  composition  of.  113 
Osaeoua  tissue,  336 

experiment  on,  337 
Ott's  precipitation  test  for  detection  of  itudflc^ 

protein  in  urine,  436 
Ovalbumin,  pj 
OvDglobuIin,  03 

Oxalaied  plasma,  preparation  of,  36S 
Oxalic  acid.  369.  391,  S4S 

formula  for,  3gi 

in  urine.  360,  39  T 

quantitative  determination  of,  545 
Oialuria,  301 
Oxaluric  acid.  360.  397 
Oxamide,  99 
Oxidases,  s,  14.  319 

experiments  on,  14 
Oxyacids.  m.  217,  220.  31^.  IM 

testa  for.  320 
P-0*ybutyric   acid   (see  fl-hydroxybutyric  acid, 

370.  271,  284.  '9S*  41^.  440.  5411 
Oxyhemoglobin.  64.  330,  954.  25 £ 

Reichert's  method  for  crystatlisation  of,  266 

crystalline  forms  of,  251-354 
Onymandelic  acid.  36P.  39s 
Uxyproline.  65,  67,  85 
Oxyproteic  acid,  369,  303.  454 

Palmitic  acid,  176.  177,  iti,  182 
crystalline  form  of,  1S2 
ei  penmen  (s  on.  183 
formula  for,  177 
preparation  ol,  182 
Palmitin,  176.  3T0 
Pancreatic  amylase.  4.  [i,  iftr,  ip3 

digestion  of  dry  starch  by,  l8S,  ip3 

inulin  by,  ig? 
experiments  on,  11,  igi 
influence  ol  bile  upon  action  of.  ipJ 
most  favorable  temperatoiB  for  action 
of.  193 
Pancreatic  digestion.  185 

general  experiments  on,  190 
products  of.  186,  189 
Pancreatic  tnaufBciency,  Schmidt's  nuclei  teat  for, 

>37 
Pancreatic  >uice,  133,  185, 1B6, 187 

artificial,  pT«piii*tian  of,  189 
daily  excretkoo  oft  186 
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Pancreatic  juice.  enEymcfl  of.  iH6 

freennB-point  of.  i56 

mechaniam  ol.  secretion  of,  JS5 

rtaction  trf,  iflfi 

■olid  content  of^  i86 

■pccilic  ffrmvity  of.  l&6 
P»ncreAtic  lipMe,  s.  i3.  17S.  iSS 

erperimenta  on,  ij.  103 

ethyl-butyrfttF  tot  for,  193 

lilmus-millc  tnt  foFn  103 
Pancfe*tic  proieMe  (see  Trypain,  pp.  5,  11.  ilA) 
PuicreatJC  rennin,  5^  iB^i  194 

npenmenti  on,  194 
Papain.  5,  13 
Papayotin  (see  Papain) 
Parac*aein,  31s 

Para-cr»Dl'iulphuric  acid.  369,  385 
Pamdimethylamino  bensaldehyde  Boluiiim.  prep- 
aration of,  604 
Paralactic  acid.  247.  314^  343,  370.  398 
Paramyosinoffen.  no 
PaTanvcleopToIagoiiH  353.  3  56 
Paraoiy  phenyl  acetic  acid.  aia.  314.  369,  jg4 
PaTaoxy-tf'phcnyl'O-aminO'prDpionir  acid,  69.  74. 

a« 

ParaoKyphenylpropionic  acid.  sn.  214,  360.  394 

Paraphenylenediaminc  hydrocfaloride»  3^4 

Pafsisitea,  227,  465,  474 

Paraxanthine,  370.  401 

PanctftI  cclU.  no 

Parotid  standi.  charActetiAtici  of  saliva  lecrcted 

by-  34 
Pathological  constLiucntB  of  urine.  412 
Pathological  aiine.  3sp.  41) 
constituent!  of.  413 
e^perimenti  on,  413 
''Partition"  of  nitrogen  and  aulphur  in  urine,  577 
Pelctoscopc.  365 
Pentamelhytenediaminp.  214 
PentapcptidcG.  46.  95 
Pentoses,  10,  37 

FxpeHmFntft  on,  37 
in  urine,  412,  443 
tests  For.  443 
Pentoians.  30.  36.  50 

Pepsin  (see  Gastric  Proteasci,  s.  l>.  141,  [65 
action  of,  influence  of  bile  upon,  147 

influence  of  diflerent  acids  upon,  146 
influence  of  metallic  salts  upon,  146 
tempcratura  upon.  145 
condiliona  esicntial  for  action  of.  14s 
diHerentiation  of,  from  pepsinogen,  141,  145 
digestive  properties  of.  141 
fonnalion  of,  lii 

most  f^A'orable  acidily  for  action  of.  145 
proTienct!  nf,  in  intestine.  143 
prolettlylii'  action  of,  14J 
Pepsm-hydrochlDric  acid,  145 
Pepsm-rcnnin  controversy.  143 
Pepiinugen,  6,  I4I,  M4 

difTcrcntiation  uf,  from  pepsin,  i-ji.  145 
formation  of.  141 
extract  uf,  preparation  of.  144 
Peptaae^.  5 

Peptic   aclJvily.    Fuld  and  Levison's  method  for. 
<li-n^riiiinalnFn  of.   167 
Mtit's  incthotl  for  the  deterffliiiation  of. 


Peptic  activity,  Rose's  method  for  drtcrminatioD 

of.  167 
Peptic  proteolysis.  141 

products  of,  141 

relation  of,  to  tryptic  proteotysiA.  142 
Peptides,  66.  71,  95.  i^o 
Peptone.  65»  71.  05,  llB 
ampho.  95,  ITO 
antl.  up 

differentiation  of,  from  proteoses.  1 1 0 
experimentA  on,  irp.  uo 
in  urine.  413.  426 
tests  for.  437 
separation  of,  from  proteote*.  120 
Peptone  test  for  bile  acidi  (OliTer).  J09.  4ss 
Periodide  Unt  for  choline,  357 
Peroxidatei.  s-  t4.  i;.  321 
Peten'  method  for  sugar  determination.  525 
Pettenkofer'4  test  for  bile  acida,  30S,  ^4 

Mylius's  modification  of.  2ot, 

434 
Neukomm't    modification    of. 
aog-  435 
Phenaceturic  acid.  370.  30a 
Phenol.  2T3,  3S7 

tfKcretion  of.  387.  545 

quantitative  determination  of.  in  urine.  543 
tests  for.  210 
Pfaenolphthalein  as  indicator.  153.  157.  15S,  162, 
470 
preparation  of.  15ft.  60s 
test  tor  blood  in  feces.  334 
Phenolsulphonephthalcin    test    for    Iddney    eflH- 

ciency,  4SS 
Pbenol'SulphLirif  acid,  360.  385 
Phenylacetic  acid.  374 
Phenyl '9-amino  propionic  acid.  69,  73 
Phenylalanine.  65.  67.  60.  7S 
Phenylethylamine,  214 
PhenylBlucosaione.  22  and  plate  opposite 
Phenyl  hydrarine.  3  a 

acetate  solution,  preparation  of.  23 
mixture,  preparation  of.  31 
reaction,  j2,  33,  413 

CipoUina'i  modification  of.  23.  414 
FhenylUciosaEone.  crystalline  fonn  of,  Plate  III, 

opposite  p.  21 
Phenyl maltoiazone,  crystaUiae  f orm  of  Plate  III. 

opposite  p.  33 
PhenylpotaasJum  sulphate.  386 
Phenylpropionic  acid.  )14 
Phloroglucinol-HCl  reaction.  36,  38.  443,  446 
Phosphate  lolutiona  and  hydrogen  ion  concen- 
tration. 154,  156.  157.  JSO,  36],  4S[ 
Phosphates  in  urine.  361.  406,  553 
detection  of,  408 
experiments  on,  408 
quantitative  determination  of.  553 
phosphatase,  9 
Phoaphatcse,  0 
Phosphatides,  203.  296.  35J 
PhoBphocnmic  add,  34J,  346,  370,  300 
Phosphonuc^ease,  T3& 
PhosphopTotcins.  94.  95,  113,  318 
Phosphorised  compounds  in  urine.  370.  390 
Phosphorus  in  urine,  determination  of.  551 

organic,  test  for.  130 
Pbosphotungstic  acid  reaction  (Polin),  3S1 
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Phuphotungitic   predpitAtion  teit  for  proteoH 

{v.  Aldoi).  437 
Phyaioloiical  cgnsliluentt  at  atiat,  369 
PhytaH.  s 
Phytin,  s 

Picric  acid  Traction  for  cirH-tiDine  (Jaffa),  3B5 
Pigmeati  of  urine.  SSQ.  lia.  JMi  4S> 
Pino  wood  test  for  indole,  iig 
Pirii's  test  (or  tyrosine,  86 
Pluma  of  blood.  145.  168 

of  niuicEe,  530h  347 
PlasmaphArnis.  340 
Polariicope.  iu«  of.  3t 

in  detection  o[  conjugBte  glrcnroQate*, 

443 
in  determination  of  dcKtroH,  3r,  531 
fl-hydroiybutyric  ftcid,  441.  S4I 
Polypcptidcfl,  66.  71,  gs 
Polysaccharides,  10,  43 
clauificatLon  of.  20 
properties  of,  4j 
PoBner'a  modification  of  biuret  test,  100 
PoCauium  in  urine.  370.  409 

Quantitative  determination  of,  56 J 
Potasiium  hydroiide    teat    for    blood  in  urine 
(HeLert.  4"9 
indojiyl-sulphate  (tee  Indican,  pp.  Jla,  387, 
S4Jl 
foriuuLa  for.  ai2.  3S7 
□hgin  of.  il3,  i%5 
testa  fof-  3^7 
Pnmary  protein  derivAtivea.  94.  114 
Primary  protcosia.  1 19 
Producta  of  protein  bydrolytit,  66.  67,  71 
Prolamins,  93,  111 

clust6catioD  of,  pj 
preparation  of,  iij 
teats  on.  1 1  j 
ProlinCp  65*  f^?.  6fi.  8Sr  m-  I4'>  iS'' 

cryatalliar  form  of  copper  aalt  of.  84 
cryitalline    form    of    imvo^a^,  S4 
Proiccretin,  i$S 
Protflson.  3S3.  3S4 

preparation  of.  356 
itruclure  of.  JSS 
Pfotamints,  clarification  of.  93.  95 
Proteansn  94-  IM 
ProteaH,  ^astnc.  s-  ti.  141 

«iip«rim«nta  on,  u,  144 
pantzrcadct  5,   (3,  1S6 

nperimenta  on.   u.  1A9 
ve^tabte,  i.  13 
Proteases.  5.  12 

"pfrimenti  on.  la 
Protective  eniymcs  (»ee  deftnsivc  eniymes),  J 
Protein  conlunl  of  foods,  569 

derivativvs.  primary.  65,  04.  114 

secondary,  6s.  94-  t«8 
mcl  a  holism,  time  relations  of.  569 

influence  of  water  on,  575 
Dtilizaii^n.  lie Lermi nation  of,  S90 
Protein'Co:^Ku]ating  eniymea.  5.  143.  189.  356.  315 
Protfin-rystine.  77 
Protein-sparing  action  of  fat  and  carbohydrate. 

Proteina.  6i,  gj,  413,  431 

acetic  acid  and  potaasium  ferro-cyaoide  tnt 
for,  J  04 


Protdu,  AcT^-Roacnheim  teat  on.  too 
action  of  allEaipidal  reagenCa  on.  103 

ol  metallic  aalta  on.  my 

mineral  addA,  a1kalie«  and  orB*OiC  acidi 
on,  lOj 
Bardach'a  reaction  on.  101 
biuret  t«»t  on.  98 
cbart  for  uae  in  review  of.  i^t 
chemical  compoiitioa  of.  6j 
claaaification  of*  P3.  Q5 
coagulated.  94.  116 

biuret  tut  on,  llS 

formation  of,  I16 

Hopkina-Cole  reaction  on,  1|A 

Millon's  reaction  oa.  llB 

■plubiliCy  of.  iiS 

xanthoproteic  reaction  on.  118 

quantitative  determination  of,  337 
coagulation^  influence  of  aalta  upon,  tT7 
Gooaulation  or  boiling  test  for.  105 
color  reactions  of,  97 
conjugated,  94,  95,  11a,  133 

classa  of,  94,  lI3 

eiperiment«  on.  S9.  113.  )>S,  396,  Jfl 

nomenclature  of.  94,  11a 

occurrence  of,  94,  ill 
decomposition  of.  64,  67,  68 

by  hydrolyaia.  65 

by  oitidation,  64 

producta  of,  64.  67.  6S.  71 
expenmenta  on,  &S 
separation  of,  ^s 
atudy  of,  64.  67.  ^S 
derived,  94.  114 
formation  of  fat  from,  l?5> 
formulas  of.  64 
Heller's  ring  test  on,  103 
Hopkins-Cole  reaction  on,  9S 
importance  of.  to  life.  63 
in  urine,  412.  4aa 

determination  of,  531 

test  for.  423 
Liebermann's  reaction  on.  too 
Milion^B  reaction  on,  97 
of  milk,  jjs.  318 
molecular  weights  of,  64 
Posncr'a  reaction  on,  100 
precipitation  of.  by  alcohol,  106 

alkaloidul  reagenti,  103 

metallic  aaUs.  103 

mineral  acids.  103 
precipitation  reactiona  of.  103 
quantitative  determiriatioiL  of,  in  milk.  338 
review  of.  ui 
Hobert's  ring  test  on.  104 
salting-out  expenments  on,  105 
salts  of,  103 

scheme  for  separation  of,  iia 
simple.  93.  95 
synthesis  of,  &6.  70 
lanlhoproteic  reaction  on.  98 
Proteolysis,  peptic.  143 

tryptic,  14J.  rB6 
Proteob'tic  enzymes  (see  Proteases,  p,  r!) 
Proteose,  64.  94,  05.  nS 

V.  Aider's  method  for  detection  of,  437 
biuret  lest  on,  uo 
coagulation  test  on,  uo 
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Froteou.  deutero.  <34.  95,  iio 

difFereatifttion  of,  from  peptone,  lao 
e»perimente  on.  ito,  110 
hetero.  115.  130 
in  uHdCh  Alt.  4j6 
t*<t  for.  4"  7 
pataujum  fetrocyftiude  uid  ACetic  te«t  on, 

powder,  prepBratipn  of,  no 
precipitfttion  of.  by  nitric  acid.  110 
by  picric  acid.  lao 
by  potn«io-merctiric  iodide,  lao 
by  tfichlDracetic  acid,  i30 
primary.  lao 
protD,  95.  q6>  lao 

Schulte'i  method  for  detection  of,  417 
■econdary,  lao 

upafAtion  af,  from  peptones,  120 
Protopr^eoK,  95.  96.  i3i> 
Proteixes  and  peptonn,  05,  06,  no.  lao 
leparation  of,  lao 
teats  on,  lao 
Proteose-peplone,  np 
Proteoae-peptone,  coagulttioa  teat  on,  lao 
exprrimenti  on.  ilp 
Millon'B  reaction  on,  T 19 
predpitAtian  of.  by  nitric  acid,  no 
by  picric  add,  rao 
Prothrombin,  a  56,  ajT 
Pifludo-alobulio.  246 

Plomainca  andleucomaineiin  urine,  370.  4or 
Ptyalin  (see  Salivary  Hmylaic.  t,  4,  iO,  5j,  1B7) 
Purinafiea.  137,  134 

experiments  on,  134 
Purine  btLaes,  135,  1*6,  T3a.  346.  370.  401 
formulas  for.  la? 
in  urine,  quantitative  determination  of.  513 

te<ta  on.  T3a,  T33 
content  of  foodi.  573 
excretion,  rate  of,  574     . 
oudaftea.  s,  la?,  '34 
Purine*,  amino,  lai.  133 

oiy.  127.  X3a 
Purine-frte  and  high  purine  diets,  influence  of,  571 
Piu  ca^ts  in  urinary  sedimenlfl.  465.  471 
cellfi  in  urinary  sediments,  47a 
in  urine.  431 

tests  for,  431,  Ai3 
putrefaction,  control  of,  by  carbohydrate,  313 

indican  as  an  index  of,  21a,  386 
Putrefaction  mixture,  preparatioa  of  a.  314 
products,  313 

experiments  on,  214 
most  important,  ai3 
tests  for.  3iS 
Putreacinc.  ati 
PylorJc  glands^  136 
Pyrimidine  bases,  135,  176,  12B 
eiperimenlB  on,  133 
formulas  for,  12S 
Pyrocatecbol'sulphuric  acid.  3f^p.  3S6 
ci-pyrrolidine-carboAylic  acid  (see  Proline,  pp-  65. 

67.  6S.  B3r  III,  J42,  1S6} 
Pyuria,  431 

QuAdriurate,  ji^i 

Qualitative  analysis  of  the   products  of  Salivary 
dJecstjon.  60 


Ouantitative  analysis  of  bTood.  270 

of  gastric  juice.  14S 

of  milk,  324 

of  urine,  479 
QuevFnne  lactometer,  deternunatJon  of  apodfic 
eravity  of  milk  by.  334 

RaffinoAe,  Ip,  42 

Kaisias  »nd  Dubin'a  volumetric  method*  for  tot*l 

Bulphur.  551 
Rancid  fat,  178 

Raw  and  heated  milk  tests.  310 
Reaction  of  the  urine,  361.  479,  5S0 
Reagent*  and  solutions.  994-610, 
Reduced  olkali-bematin.  3pp 
Reduced  hemofilobin,  296 
Reductases.  319 
Rehfuss  stomach  tube,  cut  of  T40 

use  of.  149.  159 
Reichert's    method    for   crystallixation   of    oxy- 
hemoglobin. 366 
Reinsch  test  for  arsenic.  449 

for  mercury,  450 
Remont'a  method  for  detection  of  saJicylic  acid 

and  salicylates,  323 
Rftnnin.  gastric.  139.  I43>  147.  315,  jat 

action  of.  upon  casein,  143,  I47'  J'Si  321 

ejtperimenta  qd,  147,  321 

influence  of.  upon  milk.  147,  321 

in  ffaitric  juice,  absence  of,  143 

nature  of  action  of.  143.  31& 

occurrence  of.  143 
Rennin.  pancreatic,  5.  189,  194 

experiments  on,  104 
Rennin-pepsin  controversy.  143 
ReaorcinoUH CI  reaction.  35.  447 
Respiration,  chemistry  of.  35s 
Retention  meal  in  gastric  analysis,  161 
Reticulin.  113 

Reveraibility  of  eniyme  oction.  8.  57 
ReynoTdS'Gunning  test  for  acetone,  43B 
Rhamnose.  10.  3B 

Rhubarb,  influence  of,  on  color  of  fecca.  238 
Rjcin.  13,  363 
Riegler's  reaction.  23.  414 
Rigor  mortis,  339.  340 
Ring  test  for  urobilin,  400 
Roof's  method  for  crystallising  hippuric  *dd,  3po, 

Sfl7 
Robert's  nng  test  for  protein,  104.  424 

reagent,  preparation  of.  104,  424 
Robin's  reaction  for  nrorosein^  453 
RoBolic  acid,  use  of.  as  indicator.  158.  513 
Rosenheim's  bismuth  tefit  for  choline.  358 
Rosenheim's  periodide  test  for  choline,  357 
RnsenBeim  and  Dmmmond's  volumetric  methods 

for  sulphates  and  total  sulphur,  550— 5ST 
Rose's  method  for  determination  of  pepsin,  167 
Rothcra's  reaction  for  acetone.  43* 
Ruhner's  test  for  lactose  in  urine.  445 
Ruhemann's  uricometer.  cut  of,  513 

use  of,  S13 
Russd's  reaction.  455 

Ruttan  and  Hardisty's  orthotolidin  teat  for  blood, 
171,  233,  163,  430 

Saccharide  group.  30 
Saccharose  (fiee  Sucrose,  19.  41) 
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StUi't  dc*void  n^i^od.  146 

Salicr^ aldehyde  reaction  for  acetone  (Frommer)t 

43B 
Saliva.  54 

alkalinity  of.  55 
amouDt  of.  ss 
bacteria  in.  5 ft 
biotet  teit  OQ.  sft 
calcium  in.  jg 
cbloridei  in.  $9 
cQDfltitueDti  of,  55 
digMtion  of  dry  itarch  by,  60 
digestion  of  inulia  by,  60 
digeation  of  gtarch  paite  by.  s6.  S9 
dilution  of,  influence  on  digeitjon.  tio 
entymu  contained  in,  55 
excretion  of  potasuum  iodide  in.  Or 
inorganic  matter  in,  t«ta  for,  so 
MilloTi'i  reaction  on.  si 
mocin  from,  preparation  of.  S9 
nitritea  in,  tegt  for,  ^g 
phoepbates  in,  test  for,  sg 
potasaium  thiocyanate  in,  sg 
reaction  of,  sSp  SR 
■ecretion  of.  S4 
specific  gravity  of.  5S,  5S 
■ulphatei  in.  teat  for,  S9 
teaU  on.  5B 
thiocyanatee  in,  S5.  SO 
tripeptide^ftplitting  ttitymtt  in.  57 
Saliwy  amytaae.  1,  4.  10,  sSi  lA? 

activity  of,  in  stomach,  S7-  1B8 
inhibition  of  activity  of,  S7 
nature  of  action  of,  S&i  57 
products  of  action  of,  56 
■cheme  showing,  56 
Salivary  digestion,  54 

graphic  representation  of,  56 
influence  of  acidfi  and  alkalia  on,  56,  6t 
dilution  on,  S7,  60 
metallic  salta  on,  61 
temperature  on,  6a 
natureof  action  of  acids  and  allralis  on,  61 
qualitative  analyUH  of  products  of.  Co 
Salivary  digcMion  in  stomach,  57.  iSS 
glands.  54 
■timuli.  54 
SalkowBbi-Auteiirieth'Barth   method    for   deter- 
mination of  (jxa-lic  acid  in  Qrine,  S45 
Sallcowski'i  method  for  determination  of  purine 

baiea.  516 
Salkowsld-Schippers  reaction  for  bile  pigoients, 

70S.  4^i 
Salkowaki'a  teat  for  cholcsteroli  jjo.  357 

for  creatimne.  3fis 
Balmine,  67.  6%.  6g,  04,  95 
"Salt'free"  diet,  metabolism  on  an  57* 
Salted  plasma,  preparation  of,  36S 
Salting-out  FXpeHmtnts  on  prcteinsi  105,  i33 
Santonin,  influence  of  on  color  of  feces,  I^a 
Saponification,  177.  iSi.  iSa 
of  baybcrry  taUow,  ifti 
of  lard,  tS; 
Sarcolactic  acid,  34J 

Scallopi,  preparation  of  glycogen  from,  34S 
Schalfljew'i  method    for  preparation  of    hemin, 


Schema  for  "blood  counting,"  311 
Scheme  for  analysis  of  biUary  calculi,  lOp 
bone  ash,  3jB 
■tomach  contents,  isg 
urinary  calculi.  477 
•eparation  of  carbobydrateSi  53 
of  proteins,  12a 
Scherer's  coagulation  method  for  detormiaation 

of  albumin  In  urine,  531 
SchiS's  reaction  for  cbfJetterol,  3to,  jsT 

lOT  uric  acid.  3S1 
Schmidt  diet,  composition  of^  laS 
Schmidt'B  nuclei  test  for  pancreatic  inauSciencTi 

W7 
Schmidt's  test  for  hydrobilirubin.  »3S 
Schulte's   method  for  detection  of   proteose  in 

nrine.  427 
Schumm's  modification  of  the  (fuaiac  teat.  a6i 
Schutf'i  law.  atatement  of,  p.  166 
Schweitzer's  reagent,  action  of,  on  celluloie,  40 

preparation  of.  a9 
ScleroproteinA.  («ee  Albuminoid*),  P3.  lii 
Scombrine,  67,  P4 
Scombrone.  gj,  gs 
Scott- Wilson  apparatus,  cut  of.  536 
Scott-Wi loon  method  for  acetone  and  diaceticacid 
in  blood,  aS4 
In  urine,  536 
reagent  537 
ScybaU.  so.  "3 

Secondary  protein  derivatively  6^.  g4,  tiS 
Secondary  proteosest  lao 
Secretin,  lis 
Seiiwanoff's  reaction.  35k  447 

reagent,  preparation  of,  3Sp  447 
Senna,  influence  of.  On  color  of  feces.  a^S 
Separation  of  feces,  importance  of^  in  nutrition 

and  metabolism  experiments,  334,  5S7 
Serine.  65.  07,  6g.  tj 

cryitalline  form  of,  73 
formula  for,  73 
Serum  albumin,  p3,  345^  a6$.  41a.  4^9 
in  urine.  413,  4^3 
test  for.  433 
Serum,  blood.  245.  367 

milk.  3J3 
Serum  globulin,  03,  246,  414,  43a 
in  urine.  41a.  4aa 
test  for,  433 
Shackell's  method  for  vacuum  desiccation,  4S3 
Shaffer  and  Marriott's  method  for  acetone  and 

di  acetic  acid^  539 
Shaffer  and  Marriott's  method  for  deCenninatiofl 

of  tf-hydtoxy butyric  acid.  S30 
SherrinEtons  solution,  preparation  of,  305 
Silicates  in  urine,  370.  411 
Silver  reduction  test  for  uric  acid  (Schiff).  381 
Skatole.  at  7.  aT3>  aT4,  aig 

testa  for.  aig 
Skatole-carbonic  acid,  ai?,  aao 

teat  for.  sao 
Smith's  test  for  bile  pigments,  308,  433 
Soap,  saltins-out  of H  ifli 

insoluble,  preparation  of.  lB3 
Sodium  and  potassium  in  tuine.  370,  40&,  561 

quantitative  determination  of,  561 
Sodium  aliiarin  sulphonate  at  iadicat^tr.  I53<  I54f 
157.  I5S.I74-4ftl 
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Soditim  aliurin  aulpboaate*  prtpu-atioa  C3f,  154. 

Sodiam  chloride,  ciTStallina  form,  967 
Sodium  chloride  ia  iirifle.  409,  556,  561,  576 
ScdJQm  hypobromite  aolution,  prspafAtioa  of,  601 
Sodium  nitnte-fcTTouA  lulphAte  reaction  for  di- 

acetic  Hcid  (Hurtley),  440 
Sodium  nitropruujde  tat  for  tcetone,  43T 
Sodium  Bulphide  solution.  prep&rAtioa  of,  6OT 
Solera's  reiKUoa  for  dctwtion  of  thiocyuutfl  iu 
saliva,  sp 
tut  paper.  preparatioD  of,  5P 
Soluble  stBTch,  n,  43,  56 

AA  indicator.  1G5.  Tflo.  3S6.  534,  533 
SdrenKn'i  fonnol   titrattoa   method  for  amino 
oitrotfeOn  soj 
indicator  method  for  hydrogen  ion  caocwi- 
tration,  tsS.  4flo 
Soihlet  appan^tn*  for  evtractioa  of  fat,  336 
Sothlet    lactometer,    detAminatloo    of    tpecific 

STi^vic^r  of  milk  by.  334 
Specificitv  of  enEyme  action,  T 
Spectroscope,  use  of  in  detection  of  blood,  307 
Spennatoioa  in  urinary  sediments.  473 

microscopical  appearance  of  humane  474 
Spiegler'i  rio^  test  for  protein.  to4>  4^4 

rea^rent,  preparation  of,  104.  4^4 
Spiro's  reaction  for  hippuric  acid,  sgo 
Spongin.  69 

Standard  ammonium  thiocyanate  solutioai  prepa- 
ration of.  S04 
creatinine  solution,  599 
iodine  lolution,  60  3 
potassium  permanganate.  60s 
picramic  acid.  6qs 

silver  nitrate  solution,  preparation  of.  606 
sodium  alcoholate.  607 
sodium  thiosulphate.  604,  A07 
uranium  acetate  solution,  preparation  of.  6og 
uric  acid  solution.  610 
Starch.  20^  43 

action  of  alcohol  on  iodide  of.  45 
action  of  allcali  on  iodide  of.  45 

heat  on  iodide  of.  46 
dry.    digeation   of.    by   pancreatic   amylase^ 

lAS.  192 
dry,  digestion  of.  by  salivary  amylase,  60 
experiments  on,  43 
hyperglycemia  produced  by.  567 
iodine  test  for,  45 

microscopical  characteristics  of.  43.  44 
microscopical  examination  of.  45 
potato,  preparation  of.  43 
soluble.  II.  43.  56 
soluble  starch   as  indicator,   165,   iBo,   jfl6. 

534.  SJ3 
solubility  of,  jj 
various  forma  of.  44 
Starch  ^roup,  ;d 

Starch  paste,  action  of  tannic  acid  on.  AS 
d  iff  usability  of.  4s 

diRestion  of,  by  pancreatic  amylase,  tSS 
igi 
by  salivary  amylase.  lO,  56.  59 
Fthlin^'a  tc^t  on.  45 
hyilrolyfiis  of,  4j 
iij'lic  acid  pap?r,  59 
preparation  of,  45 


Steapsin  <see  Pancreatic  lipase,  5,  (3,  tit,  iVt* 

193 
Stearic  add.  ttt.  354 
Stearin,  177.  17B.  313 
Stellar  phosphate.  33  a,  i6o 
Stercobilio.  a  23 
Stokes'  reagent,  action  of.  ap6 

preparation  of,  3g6 
Stomach  contents,  lactic  add  in  test*  for,  ITO 
examination  of,  159 
pcptide-splitting  enayme  in,  143.  Iftp 
remoTol  of,  161 
tube.  Rehfuss,  149 
Stomach,  motor  and  functional  actiritiea  of,  tS9 
Stone^ystine.  77 
Sturine.  6j.  6S,  93 
Sublioffual     glands,     cbaracteiistica     of     aaliTa 

secreted  by.  54 
Submaxillary    glands,    charactoiistjca    of    saliva 

secreted  by,  S4 
Substrate.  3 
Succinic  add,  114 
Sucrase,  4.  14,  ij»5,  300 

experiments  on,  14.  loo 
vegetable.  14 
Sucrose.  19,  41 

esperiments  on.  4a 
inversion  of.  4> 
prodnctipc  of  alcohol  from,  4A 
structure  of.  41 
Sucrose-HiSOt  test  (Pctteakof«r),  308,  434 
Sulphanilic  acid.  455 
Sulphates  in  saliva,  testfor*  S9 
Sulphates  in  urine.  370,  4D3i  546 
ethereal.  404,  551 

Quantitative  deteiminmttan  of,  S47 
eEpcriments  on.  404 
inoraanic.  404.  550 

quantitative  determination  of.  547 
total,  quantitative  determination  of,  546, 
SSI 
Sulphocyanides  <en  Thiocyanatea.  SS,   S9.  369, 

303} 
Solpbur  in  protein,  63,  loB 
acid.  lOA 
in  urine,  gravimetric  determination  of,  546 

volumetric  determination  of,  5J0 
lead  blackening,  loB 
loosely  combined.  loS 
mercaptan,  toZ 
neutral.  loA.  404 
oiidiEed.  108 
"panitioii."  in  urtne,  577 
tests  for.  [oS 
unoiidiEcd.  loS 
Sulphuric  acid  test  (Firia^,  86 
Surface  tension  test  for  bile  adds  (Flay),  ftop.  434 
SuspeiuiDH  of  maoganese  dioxide,  513 
Synthesis  of  hippuric  add.  585 

demooatration  of,  585 

Tallow  bayberry,  saponi^ation  of,  iSt 
Tallquiat^s  hemoglobin   scale,   detenmnation   of 

hemoglobin  by.  304 
Tannic  acid,  influence  of,  on  dextrin.  48 
on  starch.  45 

precipitation  test  for  protoose  COttl, 
4^0 
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TanniD  test  for  carbon   monoxide  hemoglobin, 

Taoret'i  rengcnt.  prep^rBtion  of,  104,  435 
Tanrct'i  test.  104.  435  ■ 

Tartar.  formatioTi  of.  55 
Taurine.  ao4,  ixo,  341*  34^.  369.  39^ 
derivatives.  36P.  jgi 
formulm  for.  104 
microscopicBl  app«Brance,  7ir 
preparation  of.  Jio 
TftUTocfaolJc  acid.  704 

group.  J  04 
TeJchmanD'a    crystals,    fofin    of     (lee    Hemin 
cryatals,  p-  765)    ■ 
teat,  af^4.  26t.  429 
TendomQcoid.  94,  113.  331 
biuret  Xest  on,  J3J 
chemical  composition  of,  113 
hydrolyiia  of.  332 

loosed  combined  aulphuT  in,  teit  for.  333 
preparation  of,  333 
aolubility  of^  332 
Test  meals.  t6[ 

Ewald.  i6t 
water  iGi 
retCQtion.  t6t 
Tstrapeptides.  06,  95 
Telramethylene -diamine.  914 
Tetranucleotide.  125 

Thiocyanat«s  in  laliva,  usnificance  of,  SS 
ferric  chloride  ieit  for,  50 
Solera's  reaction  for.  S9 
Tbiocyviates  in  urine,  360.  3*^ 
Thiophene  reaction,  171 
Thoma-Zeisa  hemocytameter.  304 
Thrombin,  jj?.  Jsr 
Thromboplasline.  257 
Thymol,  formula  for,  367 

inlerference  in  Hellflr's  ring  t«»t,  423 

determination  of  sugar,  acetone  bodiea. 
phosphates  and  mafneiium  in  uiine, 
367 
interference  of.  in  Lieben'a  acetone  teat.  437 
us«  of.   as  preservative.  367 
Tbymolphthalein,  use  of,  as  indicator,  157,  ifB 
Thymus  hiaione.  53 
Thymus  nucleic  add.  [24,  131 

preparation  of.  131 
tests  on,  137 
TimeiT^lationB  of  protein  metabolism,  569 
Tincture  of  iodine,  preparation  of.  6aft 
Tissue,  adiposct  eJipcrimenta  oit,  176.  33S 
connective.  330 

white  fibrous*  331 

composition  of.  331 
experiments  on.  331 
yelltjw  elastic.  3J3 

composition  of,  334 
experiments  on.  334 
opithelial,  330 

EKpennicnts  on  331 
muicuIjLr,  339 

experiments  on,  347 
nervous.  35 j 

experiments  on,  356 
os$coiis,  ,1.1ft 

f.^ptriniPfi's  on,  3Jf 
Tissue  dfibni;  m  urinary  sediment*.  46S,  4TJ 


Titanium  tetrachloride  as  tellutoH  aolvADt,  49 
Toiaon's  solution,  preparation  of,  Aofl 
(vTolidin  test  for  blood,  133,  263,  43D 
ToIUd'i  r«actioD  for  conjugate  gljrcaronatn,  442 
arabiaoae,  37 
gaJactoae.  36.  4^6 
pfmtouB  in  urine.  443 
TOpfer'a   method    for   quantitative    anjUysii   of 

gastric  juice,  174 
TApfer's  reagent,  aa  indicator,  153*  154.  164,  [75 

preparation  of,  (75 
Total  solids,  of  milk,  quantitative  detenninatioD 
of.  3»7 
of  urine,  quantitative  determination  of. 
483 
Total  sulphur  of  urine,  quantitative  determiuft- 
tion  of,  54S 
phosphorus    of    urine,    quantitative    deter- 
mination of.  554 
Trichloracetic  acid,  precipitation  of  protein  by. 

103,   IJO.  37? 
TricreaDl'peroxidaie  reaction  (Kaitle).  330 
TrimPthyl-oxyetbyl-ammonium    hydroxide     {sec 

Choline.  311,  394,  3S7) 
Trioses.  ip 
Tripeptides,  66.  95 
Triple  phosphate,  363.  40S,  451.  476 
crystalline  form  of.  40S 
formation  of.  40S 
Trisaccharides,  ig.  43 
Trommer's  test.  35 
TropBolio    O,  use   of,   as   indicator,    tS7 

preparation  of.  15S 
Troptoslin  00.  use  of.  as  indicator.  [53,  154,  155. 
137.  rS9 
preparation  of ,  155,  15B 
TropkBoUn  OOO.  use  of,  ai  indicator,  157 

preparation  of,  Js8 
Trypsin  {see  also  Pancreatic  protease,  $•  12, 1B6) 
action  of.  upon  proteins,  66.  106,  1S9 
experiments  on.  100 
influence  of  alkalis  and  mineral  acids  upon, 

186 
in  stomach.  151.  i6q 

determination  of,  160 
nature  of.  1S6 
Trypsinogen,  6.  lS6 

activation  of,  6,  [16,  rD6 
Tryptic  digestion,  66.  1B6 

influence  of  bUc  on.  igo 

most  favorable  reaction  for,   10 1 

temperature  for.  J03 
products  of,  66.  1S6,  t%9 
Tr>-ptLC  protooEysia.   J41,    186 
Tryptophane.  65.  67,  6*.  77t  «*-  i99 
bromine  *ater  lost  for.   19^ 
formula  for.  77 

group  in  the  protein  molecule.  9S 
Hopkins- Cole  reaction  for.  98 
mercury  compound  of.  preparation  of,  190 
occurrence  of.  as  a  decomposition  product  of 

protein.  6s.  67h  68.  77 
occurrence  of.   as   an  end-product  of  pan- 
tTc^itic  dmestion,  186,  189 
Tuberculosis,  urochromogen  reaction  for,  433 
Tuasah  silk  fibroin,  68 
Tyrosinase.  5 
Tyrosine.  5.  65.  67.  69,  74,  86,  97.  186,  463 
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Tyrotine,  cryatHlline  farm  of,  76 

experimenCs  on,  B6 

fonmUa  toT.  77 

Hoffmuin's  TeHccion  for,  SA 

in  Qiinary  ofldimentB,  463 

micTDSfopical  ?i»miiiatioa  of,  Z6 

MOmeT'i  teat  for,  S6 

occumDce  of.  65.  67.  fig,  1S6 

Piru's  t«t  for,  B6 

ulU  oF,  77 

leparAtJon  of,  from  leucine,  &s 

tolubSity  of,  a6 

■ublimatiofl  of.  S6 
TyrOBine-iolphuric  acid.  86 

V.  Udr^flky'i  Cut  for  bila  acidi.  >oS>  434 
USdmiiTin's  rcBBcnl,  preinrHtion  of,  I70 

reactloQ  for  lactic  acid,  170 
Uolcnown  aubttanca  in  urine.  4S4 
UdorBaniEtd  f  ermcDta,  I 

ledimenta  in  uHnt.  457,  4SA 
Unuturated  acidi.  J77 
Uraniam  acetate  method  lor  determination  of 

total  phciaphaUK  in  urine.  553 
Uracil,  13$,  liB.  [33 

WheeleT-Johnaon  reaction  for.  133 
Urate,  ammonium,  crystalline  form  of.  Plate  VI, 
opposite  p.  46  J 
lodiunt,  crystalline  form  of.  46^ 
Urates  in  urinary  Eedimente,  4O1 
Urea.  248,  274^  34^  37i.  49i 
cryitalline  form  of.  373 
decomposition  of.  by  sodium  hypobromitB, 

374i  49f> 
excretion  of.  372,  374 
experiments  on,  375 
formation  of.  373 
formula  for.  37 J 
furfural  test  for.  377 
iiolation  of,  from  the  orine^  375 
melting-point  of,  375 

quantitative  determination  of.  in  blood,  374 
in  urine,  491-49^/ 
Urea  nitrate.  374,  37fi 

crystalline  form  of,  374 
formula  for,  374 
ojialate.  374,  376 

crystalline  form  of.  37fi 
formula  for,  374 
Urease,  4 

deccmpofiltion  of  urea  by,  491 

preparation  of.  40T 
quantitative  determination  of  Urea  by.  374, 
401 
Ufftmia.  b[(jod  in,  370,  271 
Urethral   laments   in   urinary   sedimenta,    465. 

473 
Uric  acid,  36.  127,  133.  137.  24B,  270.  »74.  34',  36ff. 
J77"38li  4^.  476.  SIO.  STi,  573 
cakuli.  476 

crystalline  form  of,  pure^  380 
endogenous,  37S,  573 
exogenous,  378,  571 
expprimenta  on.  3B0 
formula  for,  377 
Gj^nassini's  test,  381 
in  blcod,  34S,  270.  274 
in  leukamia.  371^ 


Uric  acid  In  urinary  sedimento.  460 

crystalline  form  of,  Plate  V.  oppc^ 
sitA  p.  38a.  461 
isolation  of.  from  the  urine,  380 
metaboUsin,  57T,  573 
murekide  teat  for,  jBo 
origin  of,  37S 

quantitative  determination  of,  in  blood, 
Benedict's  method.  275 
Polin-Deoia  meUiDd.  274 
in  urine,   microdiemical  colo- 
ri  metric  method,  510 
Polin-Shafier  method,  stl 
Heints  metbod,  s  1? 
KrAger-Schmidt    method, 

SIS 
Uricomeler  method.  si3 
quantitative  determination  of,  Krflger 

and  Schmidt's  method  for,  s  13 
Hunter  and  Civena'  modification  of,  5 15 
reducing  power  of,  ^6,  3T0i  4  l^i  4 17 
Rubemann's  uricometer  method  for.  £U 
Schiff'a  reaction  for.  381 
Uricase.  5.  J27 

eiperiments  on,  137 
Uricolytic  enaymes.  3.  5,  ISJ 
experiments  on,  137 
Urinary  calculi,  475 

calcium  carbonate  in,  476 
oiftlatQ  in,  476 
cholesterol  in.  478 
compound,  475 
cystine  in,  476 
fibrin  ID,  478 
indigo  in.  478 
phosphates  in,  47fi 
scheme  for  chemical  analysis  of,  477 
simple,  475 

uric  acid  and  uratea  in,  476 
urostealitha  in,  478 
xanthine  in,  476 
Urinary  concrements  (see  Urinarr  calculi,  p.  475] 
Urinary  sediments.  457 

ammonium    magncaium    phoaphate    in. 

458 
animal  parasites  in,  465.  474 
calcium  carbonate  in,  4^8,  4S0 
oxalate  in.  4S8 
phoephfrte  in,  458.  460 
sulphate  in,  458,  460 
cast«  in,  465,  467 
cholesterol  in,  458.  4^3 
collection  of,  457 
cylindroids  in,  465,  4Ji 
cystine  in,  458,  461 
epithelial  ceUs  in,  4A5 
erythfocytea  in,  4*5.  47s 
fibrin  in,  465.  474 
foreign  aubatances  in,  465.  474 
hematoidin  and  bilirubin  in,  45S,  464 
hippuric  acid  in.  458,  463 
indigo  in,  458.  464 
leucine  sod  tyrosine  in.  458.  463 
magnesium  phosphate  in,  458,  464 
melanin  in,  45S.  465 
micro-organisms  in.  465.  474 
OTganiEcd,  457.  465 
pua  cells  in,  465,  4fiA 
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tFriuiy  tedimeDti.  iperraatoaoa  in.  46s.  4T4 

tiAftue  d^briA  in.  465.  4TI 

UDoreaniiadt  457.  43S 

ut>tc*  in,  458.  4A1 

qrethnl  filunenti  in.  465.  473 

Dfic  add  ia,  458,  460 

isDthine  in,  4sS.  464 
UrinAtioo.  frequency  of.  j6 1 
Urine,  ^9-363 

koetoKetic  Bcid  in.  411,  43B,  530 

uatoni  in.  411.  41s,  sjS 

>cidlt7  of.  ]6i,  4;o.  SJi.  sSo.  sSi 

add  (ensEatatioa  of,  jAj 

albtunin  tn,  413.  4JJ.  531 

■Ikulinc  ferment  11  tioD  of.  ]6i>  40S 

ailantcdn  in.  369.'^*,  s  iS 

umno4cida  in.  369,  y^,  503 

uncDosin  in,  36g,  40),  499 

aromatic  oxyacida  in.  369.  304 

benioic  acid  in,  369,  jgs 

bile  in,  411,  4J1 

Idood  in,  41a.  43g 

ctldnm  in.  3;o.  409,  559 

carbonatee  in.  370.  41a 

chloride!  in,  370.  403 

collection  of,  367 

coUection  and  preMrvation  of,  in  metaboUim 

t**ts,  367.  363 
color  of,  310 

complete  analyua  of,  565 
conjugate  glycuronatea  in,  41^.  44^ 
creatine  in,  360,  3B4.  50R.  log 
creatinine  in,  360,  381.  sa<i.  574 
deitroK  in  (let  glucoK.  4 11.  4i3i  S") 
diacetic  acid  in  (aee  aeetoacetic  acid.  411. 4]B, 

130) 
electrical  coodoctivily  of.  366 
CTUymei  in.  37  a,  30^ 
ethereal  snlphnric  acid  in,  369,  38},  947 
fat  in,  411.  444 
fluoTidea  in.  370,  411 
freeiing-poinl  o(.  36J 
fruetoie  in.  4 11.  446 
salactose  in.  4 11.  446 
general  chafBcietitlica  of.  359 
globulin  in.  4  [a,  416 
glDcoK  in.  413,  413,  s» 
HflHT'i  coefficient  for  solida  in,  3(14.  4A3 
hematoporphyrin  in.  4J2.  444 
hippuric  acid  in,  36g,  388,  5  iu 
hydrogen  ion  concentration  of,  36  1.  480,  580 
ai  intlue'nced  by  diet,  sio 
by  acid  and  alkali,  5Ba 
hydrogea  peroxide  in.  370.  411 
/(-bydroiybutyrie  acid  in.  411,  440,  S39 
inorganic  phyatoloBical  constituents  of.  37b. 

401 
inoaitol  In.  411.  450 
iron  in.  370.  410,  561 
lactoae  in,  411.  444 
levuIoK  in  (aee  fracloBe.  4  [i.  44O) 
laioae  in.  411.  431 
leucomainea  in.  370.  401 
Long's  coefficient  for  lolida  in.  364,  483 
magneiium  in.  370.  409,  J59 
melanin  in.  41a,  451 

netttr*!  tolphur  compounds  in,  369.  39>,  S5  N 
378 


Urine,  ultra  tea  in,  37a.  411 

nudeoprotein  in.  369,  30Ai  41a,  418 

odor  of.  36 1 

organic  phynological  conitituenta  of,  36)^ 

oxalic  add  in.  369.  391 

oialuric  acid  in,  369,  39T 

tf-oiybutyric   add    in   (aee    hydroiybutyiio 
add,  413.440.  539) 

pathological  conitituenti  of.  41a 

paralactic  add  in,  370.  3^ 

pentoaea  in.  4  It.  443 

peptone  in.  413,  4a6 

phenaceturic  add  in.  370,  398 

phoiphales  in,  370.  406,  55a 

phospboriaed  compounds  In.  370.  399 

physiological  constituenta  of,  3f*9 

pigments  of,  359.  370.  399 

potauium  in,  370.  409.  S&i 

proteins  in,  413.  411 

proteoses  in.  413,  43a,  4a6 

ptomaines  in,  370,  401 

purine  baaea  In,  370.  401,  S13 

quantitative  analyaia  of.  479-51^3 

reaction  of.  )6i,  479.  580 

aa  influenced  by  diet.  580 

by  acids  and  alkalies.  58a 

tilicates  Id,  370.  411 

sodium  in.  370.  409,  s6 1 

(Olida  of.  364.  483 

apecific  gravity  of,  363 

lulphatea  in.  370,  403i  S46 

transparency  of.  3*0 

unknown  aubatances  in,  4La,  434 

urea  in,  369.  ST^i  401 

uric  acid  in.  369,  3T7i  510 

uiinod  in.  3O1 

uroroscin  in.  413.  4Sa 

volatile  fatty  aclda  in.  370,  397 

volume  of.  359 
Utinod.  361 
Urobilin,  359.  370,  399 

testa  for,  400 
Urobilinogen.  399 
Urocanic  acid.  398 
Urochrome.  310,  370.  3»9i  4ai 
Urocbromoeen,  41a,  433 

reaction  (Weiaa)  for  tuberculusii,  4S3 
Uroerythnn,  3S0.  370.  39O1  4it 
Uroferric  acid.  369.  392.  454 
Uroleadc  acid.  369,  39  S 
Uroroaeln,  41a.  45) 

reaction,  452 

tests  for,  431 
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